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Introductory Note

Civil Aeronautics Manual 3 contains in a consolidated form all man-
ual material issued against Part 3 of the Civil Air Regulations to date.

CAA rules are supplementary regulations issued pursuant to author-
ity expressly conferred on the Administrator in the Civil Air Regula-
tions. Such rules are mandatory and must be complied with. '

- CAA policies provide detailed technical information on recommended
methods of complying with the Civil Air Begulatlons. Such policies are
for the guidance of the public and are not mandatory in nature.

CAA interpretations define or explain words and phrases of the
Civil Air Regulations. Such interpretations are for the guidance of ‘the
public and will be followed by the Administration in determinlng compli-
ance with the regulatlons.

The manual i1s arranged to show the number of each section of the
regulation followed by the title of the particular section in italic
letters. Any rules, policies, or interpretations follow the pertinent
section of the regulation and are identified by consecutive dash numbers
appended to the regulation section number.-

This manual includes and supersedes supplements numbers 1 through
12 issued on or prior to March 26, 1953. Moreover, the contents of this
manual supersede any contradictory material found in any Aviation Safety
Release or 11ke publication outstanding on the issuance date of this

manual .
(11I)
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‘Subpart A—General
APPLICABILITY AND DEFINITIONS

3.0 Applicability of this part.
8.1 Definltions. )

CERTIFICATION

810 Elgihility for type certificate.

311 Des\gnation of applicable regulations,

312 Fecording of dpplicable feguldtions.

2.13 Type certtiicate.

3.14 Data required. .

8.15 Inspections and tests.

8.18 Flight tests,

3.18-1 Accelerated service tests for airerpft
having . & maximum certificated
take-off weight of more than 6,000
pounds (CAA policies which apply
to § 3.16) -

3.17 Alrworthiness, experimental, and pro-

.. . duction certificates,

3.18 Approval of materials, parts, processes,
and applianees.

$.18-t Approval of materlals, parts, proc-
esses, and appliances (CAA rules
which apply to §3.18).

3,182 Application of the Technical Stand-
ard Orders (TS0) System; C Series
(CAA policles which apply to
§35.18). |

2.1 Changes in type deslgn.

3.19-1 Changes of engines (CAA policles
which apply to § 3.18).

ATRPLANE CATEGORIES

320 Alrplane categories, :

3.90-1 Approved maneuvers for normal
category alrcraft (CAA interpre-
tations which apply o § 3.20).

8.20-2 Approved limited acrobatic maneu-

“yers for utility category aircraft

(CAA interpretations which apply
o §3.20).

Subpart. B—~Flight Requirements
GENERAL

8.61 Policy re proof of compllance.

283 Flight test pllot.

3.63 Noncompliance with test requirements.
3.64 FEmergency egress.

2.66 Report, .

WEeIGHT RANGE Awp CENTER OF GRAVITY

341 Welght and balance.
271-1 Welght and balance limitations for
fiight tests {CAA policies which
. apply to §3.71 (a)). :
3.12 Tse of ballast.

gn2-1 Use of bhallast (CAA policies which

apply to .§3.72).
8,78 Empty welght. .
3,731 New production aircraft;” empty
' welght and c. g determination
(CAA policies - which apply to
§3.73).

3782 Empty welght items (CAA Interpre- '

tations which apply to §3.93).
8.73-3 TUnusabje fuel supply snd undraln-
) _able oil (CAA interpretations
o~ i which apply to §3.73}.
3.7 Maximuin welght.
2.5 - - “Minimum weight.
3.76 Center of gravity position,
3.46-1 Center of gravity position (CAA
policies which apply to § 3.76).

PERFORMANCE REQUIREMENIS
GENERAL

3.80 - Alternate performance requirements.
3.81 Performance. -

3.82 Definition of stalling speeds. -
3.82-1 “Zero thrust” (CAA interpretations
which apply to § 3.82).

3.83 Stalilng speed.

8.84

ls841
8,042

3.84-3
3.54a

3.85
3.86-1

3.85-2

1
3.85-3

3.85-%
3.85-5

3.855

3.56
3.86-1

3.86-2
3.87

3105
3.106

3.110
3.111

3.112

'3.113
3.114
3.115
3.116

3.117
3.118

38.120

3121 .

8.107-U
3.108-A
13.208 -

3.112~1

"3.118-1
3.118-2

21188

3.120-1

8.120-2

Table of Coniénis

TARE-GFF

Take-off.

Toke-off performance (CAA policles
which apply to § 3.84).

Measurement of seaplane take-off
distances (CAA interpretations
which apply to § 3.84 {(a)).

Teke-off speed {CAA interpretation
which applies to §3.84 (b)).

Take-off requirements; airplanes of

6,000 1bs, or less.
CLIMEB

Climb. -

Rate of climb. (CAA policles which
apply to §3.85).

“Norma! climb” and *“ccoling test
procecdure for slngle-engine alr-
planes” (CAA interpretations
which apply to § 3.85).

“Rapld retraction” (CAA interpreta-
tions which apply to § 3.86).

Welght for items of performance and
flight characterlstics (CAA inter-
pretations which apply to § 3.85).

Low-pitch propeller setting in nor-
mal climb position (CAA interpre-
tatlons which apply to §3.85 (a))-

Climb reguirements; alrplanes of
8,000 1bs, or less, .

LANDING

Landing.

Landing distances (CAA policies
which apply to § 3.86).

Use of camera equipment (CAA pol-
ictes which apply to § 3.86).

Landing requirements; alrplanes of
6,000 Ibs. or less.

FLIGHT CHARACTERISTICS
Requirements.
CONTROLLABILITY

General.

Approved acrobatic maneuvers.
Acrobatic maneuvers.
Longttundinal control.

Lateral and directional control.
Minimum control speed (Vime).

TRIM

Requiremeﬁts. '
Trim during a glide (CAA polictes
which apply to § 3.113).

STABILITY

Qeneral. .
Statie longltudinal stability.
Specific conditions.

Instrumented stick force measure- |

ments. . .
Dynamic longitudinal stabillty.
Directional and lateral stability.
Test - conditions (CAA pollcles

which apply to-§ 3.118 (2) (8)).
Large displacements of flight con-

trols in directlonal and lateral

stability tests (CAA policies

whick apply to §3.118).

Flight tests for adverse control

foree reversal or control locking

(CAA polictes which apply to
§8.118 (a) (8)).
STALLS
Stalling déemonstration. -
Measuring loss .of altitude during

stall {CAA pollcies which apply to
§ 3.120).

tndications of stall warnings (CAA |

. policles which apply to § 3.120).
Climbing stalls. ~ .

3.121-1 Climblng stall flight tests for lm-
1ted control airplanes (CAA inter-
pretations  which apply to
§ 3.121).

3.122 Turntng flight stalls.

3.128 Ome-engine-inoperative stalls.

SPINNING

3124  Spinning.

3.124-1 Spin iests for category N alrplanes
(CAA Interpretations which ap- -

‘ply to § 8.124 (¢)).
3.124-2 Spin tests for category A afrplanes
(CAA interpretations which ap~

ply to §3.124 (c)).

GROUND AND WATER CHARACTERISTICS

3.143 Requirements,
8.144 Longitudinal stability and control.

3,145 Directlonal stabillty and contrel.
8.146 Shock absorption.
3.147 Spray characterlstics.

FLUTTER AND VIBRATION
3.159 Flutter and vibration.

] 5'uhpurt C—Slréngih Requirements
GENERAL

3.171 Loads.

3.171-1 Design criterla’ (CAA  policles
which apply to § 3.171 {c))}.

3.172 Factor of safety. .

3173 Stréength and deformations.

3.173-1 Dynamic tests {CAA policles which

. apply to §3.173).

3.174 Proof of structure.

3.174-1 Material correction factors (CAA
policies which apply to § 3.174).

31742 Structural testing of new projects
(CAA policles which eapply to
§3.174).

3.174-3 Allowable bending moments of

' stable sections In the plastic
range (CAA policles which apply
to §3.174).

8.1744 Acceptability of static and/or 4y-

namic tests in lleu of stress anal-
yses (CAA policles which apply 10
§ 8.174).

3.174-5 Operation tests (CAA policles which

. . applyto§3.174). )

3.1746 Material correction factors, fiting
factors, and other factors; thelr
effect on test loads {CAA policles

: which apply to § 3.174).

31747 Establishment of material strength
properties and design values by
static test (CAA policles which

. apply to. § 3.174). . )

3.174-8 Unusual test sltuations {CAA pol-

ieles which apply to §3.174). .

FricHT LoADS

3181 General.
3.182 Definition of fAight load factor.

SYMMETRICAL FLIGHT CONDITI_O‘NS {FLAES
RETRACTED}

3.182 General.

3.184 Design air speeds.

3.185 Maneuvering envelope.

8.186 = Maneuvering load factors.

3.187 Gust envelope,

3.188 Gust load factors.

3.188-1 “glope of lift curve” (CAA Interpre-
tations which apply to § 3.188).

8.180 . Airplane equillbrium,

FLAPS EXTENDED FLIGHT CONDITIONS

3.190 ‘ Flaps extended fight conditions.

'3.180-1 Deslgn flap speed Vy (CAA Inferpre-
tations which apply to §3.180
(ay).

(v}
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UNSYMMETRICAL FLIGHT CONDITIONS

8.191 Unsymmetrical fiight conditions.
8.191-1 Afleron rolling conditions (CAA
pelicies which apply to § 3.191=1).
SUPPLEMENTARY CONDITIONS
3.194 ‘Special condition for reer ilft truss.
- 8.195 Engine torque effects.
. 3.198 Side load on engine mount.
o CONTROL SURFACE LOADS
T - 8211 General,
= 8.211~1 Control surface loads Tor deslgn of
S “Vee” type tall assemblies (CAA
R poticies which apply to §8.211).
. 3.212 Pilot effort.
3.212-1 Automatic pilot sysiems (CAA
— . policies which apply to §8.212).
3.213 Trlm tab effects,
HORIZONTAL TAIL SURFACES
3212 Horizontal tall surfaces.
3.215 Balancing loads.
3.218 Maneuvering loads.
R $.8016-1 Time historles of pull-up maneu-
¥ vers (CAA policies which apply
e to §83.216).
Sy 8.216-2 Unchecked pull-up maneuver (CAA
L policies which apply to §3.216:
(a)).
R 3.218-8 Tnchecked push-down maneuver-
PELT ing load (CAA polictes which ap-
T ply to § 3.216 (b} ).
82184 Checked msheuvering load condi-
tion (CAA policles which apply
to §8.216 (c)).
32165 Principles appncable to detailed
o analysls of conditions glven in
' §3.216 (CAA policles which apply
to §3.216). :
o 3.216-6 Maneuvering control surface load-.
R ER . ng fAgure 33 (b) in this part
: . (CAA policies which apply to
§3.218). .
3.217 Gust’ loads,
3.217-1 Gust loads; horizontal tail surfaces
- ) (CAA policies which apply to
: ’ §8.217),
8218  Unsymmetrical loads.
. VERTICAL TATL SURFACES
. 3.219 Maneuvering loads.
3.210-1 Vertical surface maneuvering loads
(CAA policies which apply to
§8.219).
3.220 Gust londs. '
8.820-1 Gust loads; vertlcal tall surfaces
: {CAA polleies which apply to
 §3.220). ]
3.221 Cutboard fins.
ATLERONS, WING FLAPS, TABS, BTC.
3.222 Allerons.
3.223 ‘Wing flaps.

i 8.228-1 Wing flap load distribution {(CAA,
e policies whtch apply t:o §3.228).
I 3,224 Tahs.

| 8.894-1 Trim tab design (CAA policies
which apply to § 3.224)
3.226 Special devices.
ConTROL SysTEM Loaps
3.231 Primary flight centrols and aystems
8.231-1 Hinge moments (CAA policles which
apply to § 3,281 (a})
3.231-2 System limit loads (CAA policles §.
which ‘apply to §3.231 (a) (1)).
S 3931-3 Interconnected control sysiems on
celil two-control zirplanes (CAA poli-
LSNP .  cles which apply to § 3‘231)
: 3.232 Dual ¢ontrols.
3.283 Ground gust conditions B
i 3.233-1 Ground gust loads (CAA policles
which apply to §3.233).
3.234 Secondary controls and systems.

TABLE OF CONTENTS

GRGUND LoaDns

-§3.241 Ground loads.
3.241-1 Four-wheel type alighting gears
(CAA policles which apply to
§3.241). .
3.242 Design weight
3.243 Load factor for landlng conditions.
LANDING CASES AND ATTITUDES
3.244 Landing cases and attitudes. :
82441 Landing cases and sttitudes (CAA
policies which apply to § 3.244)°
3.245 Level landing.
3.245-1 Wheel spin-up loads (CAA policies
which apply to § 3.245).
3.945-2 Level landing inclined reactlon re-
sultant (CAA policies which apply.
to §3.245).
3.246 Tall down. .
3.247 One-wheel landing.
| GROUNP ROLL CONDITIONS
23.248 Braked roll.
2249 Side load.
TAIL WHEFLS
8.250 Bupplementary condttions Ior tall
wheels.
3.251 Obstruction load.
3.252 BSide load.
NOSE WHEELS
| 3.253 Supplementary conditions for nose
wheels, )
8.256¢ ATrt load.
3.255 Forward load.
3.256 Slde load.
SKIPLANES
3.267 Supplementary conditions for ski-
-planes.
3.357-1 Type certification of skis (CAA pol-
ictes which apply.to § 3.267}).
3.267-2 Supplementary conditions for ski-
planes (CAA po]lcies which apply
ta § 2.257). :
3.257-3 Factor of safety of 1.0 (CAA policies
which apply to-§ 8.257).
WareR LoaDs
3.265 Water load conditions.
3.265~1 Float loads (CAA policies which
_apply to § 3,263},
3.265-2 Water loads; alternate standards
(CAA policies which apply to
$§ 3.10 and 3,265).
Subpart D—Design and ‘Construction
GENERAL
.8.291 General.
3292 Materlals and workmanship.
8.203 Fabrieation methods.
3094 Standard fastenings.
8.205 Protection,
-8.206 Inspectlon provislons..
STRUCTURAL PARTS
3.301 Material strength ‘properties and
and deslgn values. -
8.301~1 Deslgn propertles {CAA  policles
) which apply to § 8.361).
3.301-2 Substltution of seam-welded  for
seamless steel tubing (CAA poli-
cles which apply to §3.301).
2.302 Speclal factors.
3.303 Vartability facter.
3.304 Castings,
3.304-] Casting factors (CAA policles which
apply to § 3.304).
3.305 Bearing factors.
2.308 Fitting factor.
3.307 Fatigue strength,

3.311
3.311-1

3317
3.318

8.818-1

FLUTTER AND V!:anuro:t

Flutter and vibration prevention
measures.

Simplified flutter prevention cri-~ -

terta (CAA policles which apply
to §3.311 (a) and (b)).
‘WmGs
Proof of strength.
Ribs.

Rib tests (CAA policies which apply
to § 3.318 (a))

CONTROL SURFACES (an AND MOVABLE)}

3.327
3.528
2.328-1

8.329.

8.336

3.338
3.336-1

3.337
34871

8.338

3.3351

3339
3.340
23.341
3.342
8.343

3.344

8345

8.845-1

3.845-2

8.846
3.347

8351
3.352
8.362-1

3.358
3.354
3365

3.356
3.356-1

'8.357

3.358

. 8.369

2.350-1
8.358-2

3.360

‘8361

3.362
8.362-1

Proof of strength,
Installatlon,
Bonding of conttol surfaces (CAA

policles which apply to 53 828).
"Hlnges. - :

CoNzTROL SysrEMs

Cleneral,

Primary flight econtrols.

Afleron controts for two-control alr-
planes (CAA  Interpretations
. which apply to § 3.336 (b)).

Trimming controls.

Independent means  of control of
control system {CAA Interpreta-
tions which apply to § 3.337).

- Wing flap controls.

Wicg fap position indicators (CAA
policles which apply to §3.838).

Flap Interconnection.

Stops.

Control system Ioclks,

Proof of strength.

Operation test.

CONTROL SYSTEM DETAILLS

General.

Cable systems.

Cahles in primary control systems
(CAA 'interpretations which ap-
ply to §3.348). .

Spedldl alreraft turnbuckle asserm-
blles and/or turnbuckle satetying
devices (CAA rules which apply
to § 8.345).

Joints.

Spring devices.

LANDING (GEAR,
SHOCE ABSORBERS

Tests.
Shock absorption tests.

Landing gear drop tests (CAA poli=

cles which apply to § 3.352).
Limdit drop tests.
Limit Joad factor determination.
Retsf;bve energy abeorption drop
S,

RETRACTING M:ECHANTSM

General.

Retracting mechanism (CAA poli-
cies which apply to § 8.356).

Emergency operation. .

Operation test.

Position indicator and wammg ‘de-

vice.

“Wheel position indicators (CAA
poltcles which apply. to § 3.369).
Position indicator and warning de-

vice (CAS polictes which apply to
§ 8.359)
Control.

WHEELS AND TIRES

Wheela.

Tires.

Apyproved tire ra.ting (CAA Inter-
pretations  which
§ 3.362).

apply to’




3.862-2 ‘Tire rating standards (CAA policies

which apply to § 3.362). ’

. .
8.363 Erakes.
SEIS

3.364 Skis. . RS
3.8364-1 Tail skis (CAA interpretations |

which apply to § 3.364).

HULLS AND FLOATS

3.371 Seaplane maln floats,

8.372 Buoyancy (boat seaplanes).
8.873 Water stability. .
PUSELAGE
PILOT COMPARTMENT
8.381 General.
3.352 Vision, . )
3.382~1" Openable window or openable por«
' tidn of the windshleld (CAA in-
terpretations which apply to
) § 3.882).
8.382-2 Pilot vision in rain conditions (CAA
: Interpretations  which apply to
. §'3.882). C
s.283 Pilot windshield and windows.
3.383-1 Plexiglas windshields and windows
(CAA policles which apply to
§3.383).
3.384 Cockpit controls.
3385 Instruments and markings,
EMERGENCY PROVISIONS
3.386 Protectlon.
3,386-1 Crash protection {CAA interpreta-
tions which apply to § 3.386).
8.387 Exits.
3.388 Fire precautlons,
33881 Heater Isolation (CAA policies:
. which apply to §8.388 {b)).
3.388-2 TFire-detector end  extingulsher

o equipment (CAA policies which

apply to §3.388 (k}). -

33883 Heater fuel system {(CAA policies
which apply to §3.388 (b)).

Combustion heaters ' (CAA rules
which apply to §3.388 (b)).

PERSONNEL AND CARGO ACCOMMOCDATIONS

.3.388-4

3.389 Doars.
3,360 Seats and berths.
3.390-1 Approved seats and’ berths (CAA
. interpretations which apply to
§3.390).
3.390-2 Proof of strength for seats and
. berths and - thelr installations
(CAA policies which ~apply to
§3.390). [
»3.381 Safety belt or harness provislons.
3.392 Cargo compartments, .
3309-1 Load factors for design of cargo -
compartments located in the
fuselage (CAA interpretations
which apply to § 3.392).
335083 Ventilation.
MISCELLANEOUS

3.401 Ievellng marks.
'Suhpart:E—Power-Pluhl installations;
Reciprocating Engines
B GENERAL
3.411 Components.
) ENGINES AND PROPELLERS
3.415 )

Engines.
3416 Propellers.
3.417 Propeller vibration.
3418 Propeller piteh--and speed lmita-.
tions. .
3419 Speed limitations for fixed pitch
- “propellers, ground adjustable

pitch prepellers, and automati-
cally varying pitch propellers
which cannot be contrelled In
Alght. .

TABLE OF CONTENTS

'$419-1 Propeller pitch snd speed limita-]
tions {CAA interpretations which
apply to §8:419).

3420 Speed and pitch Jimitations for con—-L
' “trollable pitch: propellers without
- . constant speed controls.

2.421 variable pltch propellers with con~!
stant speed controls.

3.422 Propeller clearance, )

3.422-1 Propeller clearance on tricycle gear
airplanes (CAA interpretations
which apply to §3.422 (a) (1)). !

3.422-5 Propeller clearance on alreraft with
leat apring type shock struts
(CAA interpretations which apply
to §3.422 (u) (2)).

FUen SXSTEM
8429 General,
ARRANGEMENT
8.430 TFuel system arrangement.
8.431 Multiengine fuel system srrengement.,
}3.432 . Pressure cross feed arrangements. -
' GPERATTON

3.433 Fuel flow rate. :

5434 Fuel flow rate for gravity systems.

3.435 Fuel flow rate for pump systems.

3,436 Fuel flow rate for auxiliary fuel sys- .

tems and fuel transfer systems.

3.437 Determination of unusable fuel sup-

ply and fuel system operaticn on
low fuel, .

3.438 Fuel system hot weather operation.
3439 Flow between interconnected tanks.
FUEL TANKS

3.440 General.

3441 Fuel tank tests.

3442 Fuel tank installation.

3.442-1 Eladder type fuel cells located in s
personnel compertment (CAA in-
terpretations which apply to
§ 3.442).

3.443 Fuel tank expanslion space.

3.444 Fuel tank sump.

3.445 | Fuel tank fller connection.

8.446

Puel tank vents and carburetor
vapor vents. -

3.447-A Fuel tank vents.

3.448 Fuel tank outlet.

FUEL PUMPS
Fuel pump and pump installation.
LINES, FITTINGS, AND ACCESSORTES

'3.449

8.550 Fuel system lines, fittings, and acces-
sorles. : : '
Fuel valves.

8.552 - Fuel strainer,
DRAING AW INSTRUMENTS

3.551

3.553 Puel system drains.
3,654 Puel system lnstrumenis. .
QIL - SYSTEM
- 13.561 il system.
3.56i-1 “Capacity” (CAA inderpretations
: : which apply to § 3.561). '
3.b562 0Oil cooling. '
OfL TANKS |,
3.563 Oil tanks.

8.564 Oil tank tests.

3,585 Ol tank instaliation.
3.5G66 Oill tank expansion space.
3.587 O1Il tank filler connection.
3.568 Ofil tank vent.

3.560 Oii tank outlet.

LINES, FITTINGS, AND ACCESSORIES .

Oll system lines, fittings, and acces-
sories.

3.570¢

3.871
3.572
3.573
3.574

il valves.

Oil radiators.

Oil filters.

il system drains.

3.575

¥II1

Engine breather lines.

3.576 Oil system instruments.
3.577 Propeller feathering system. -
CooLING
3.581 General.
TESTS

3.582 Cooling tests.

3.582-1 Water taxilng tests (CAA Interpre-
tations which apply to § 3.582).

3.583 Maximum anticipated summer air
temperatures. :

3.583-1 Powerplant winterization equip-
ment {CAA interpretations which
apply to § 3.583).

3.584 Correction factor for cylinder head,
oil inlet, carburetor aly, and en-.
gine ceolant inlet temperatures.

3.585 Correction factor for cylinder bar-
rel temperatures.

3.586 Cooling test procedure for single-
engine airplanes.

3.587 Cooling test procedure for multl-
englne airplanes.

3.587-1 Cooling test procedure for twin-en-
gine aircrafi which do not meet
the minimum one-engine-inop-
erative climb performance (CAA
interpretations which apply to
§ 8.587 (b)). .
LIQUID COOLING SYSTEMS

3.588 Independent systems.

3.58¢ Coolant tank.

3.580 Coolant tank tests.

3.591 Coolant tank instdllation.

2.502 Coolant tank filler connection.

2,508 Coolant lines, fittings, and acceasories.

'8.594 ' Coolant radiators.

3.595 Cooling system drains.

3,498 Cooling system instruments.

INDUCTION SYSTEM

3.605 General.

3.606 Inductlon system de-icing and anti-
icing provisions. ' :

8.606-1 TInductlon system  de-iclng pro-
vislons (CAA policles which apply

. to §3.608).

8.607 Carburetor de-leing fiuid flow rate.

'3.608 Carburetor fluld de-icing system ca-
_pacity. '

3.608 Corburetor fuld de-leing system
detail design. .

3.610 Carburetor air preheater design.

1 3.611 Induction system ducts.

-8.612 Induction system screens.

ExHatsT SYSTEM

3.615 General.

'3.616 Exhaust manifold.

3.617 Exhaust heat exchangers.

3.618 Exhaust heat exchangers used in

ventilating air heating systems.
Fre WaLL AND COWLING
3.623 Fire waills. . . -
3.628-1 Fire-proof materials for firewalls
’ (CAA rules which apply to
§3.628).
3.624 Fire wall construction.
3.625 Cowling. -

PowrR-PLANT C'ONTROLS AND ACCESSORIES

3.627
2.628
3.429
3.630
3.631

T 3.682

3.633
3.634

COMNTROLS

Power-plant controls.

Throttle controls.

Ignition switches.

Mixture controls.

Propeller speed and pitch controls.
Propeller feathering controls.

Fuel system controls.

Czrburetor air preheat controls.




VIII TABLE OF CONTENTS

ACCESEORIES INSTRUMENT LIGETS MINIMUM FLIGHT CREW

e 8.685 Power-plant accessorles. 3696  Instrument lights, 8749 Minimum flight crew.

S '3.636 Engine battery ignition systems. -{ 8.696-1 Instrument lights (CAA;;:;;E:))&—- TYPES OF OFERATION
St ’ ) oo tations which apply to R .
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-~ Part 3f' Airplahe Airworthiness; Normal, Utility, and

SUBPART A—GENERAL
APPLICARILITY AND DEFINITIONS .

$3.0 Applicability of this part. This

pari establishes standards with which §

compliance shall be demonstrated for
the issnance of and changes to type
certificates for normal, utility, and acro-
batic category airplanes, This part, un+
il siperseded or rescinded, shall apply
to all sirplanes for which applications
for type certification under this part
.were made between the effective date of
this part (November 13, 1945) and March
31, 1953. For applications for a type
.certificate made after March 31, 1853,
this part shall apply only te sirplanes

which have a maximum weight of 12,500 §

pounds or less. :

§ 3.1 Definitions. As used in this part
terms are defined as follows:

(a) Administration—(1) Administra-§.

tor. The Administrator is the admin-
fstrator of Civil Aeronauties.

(2) Applicant. An applicant is a Dper-|
s0n or persons applying for approval of

‘an girplane or any part thereof.

(3} Approved. Approved, when used,

alone or as modifying terms such as
means, devices, specifications, ete., shall

mean approved by the Administrator. .

(See §3.18.)
(h) General design—(1) Standard ai-
mosphere. The standard atmosphere
is an atmosphere defined as follows:

(i) The air is a dry, perfect gas,

(ii}  The temperature at sea Jevel is },

50° P,
(lif) The pressure at sea level is 29.92

inches Hg, 1:

(iv) The temperature gradient from
sen level to the altitude at which the
temperature equals —87° F, is —0.003566°
P./ft. and zero thereahove, :
(v} The density po at sea level under
the above conditions is 0.002373 lb.
sec.2/ft.8 '

(2) Mazimum anticipated air temper- |

atyre, 'The maximum anticipated air
temperature is a temperature specified
for the purpose of compliance with the
powerplant cooling - standards. (See
§ 3.583.)

(3) Airplane configuration. Airplane
configuration is a term referring to the
position of the various elements affect-
ing the aerodynamic characteristics- of
the ?,irpla,ne (e. g. wing flaps, landing.
gear). : :

(@) Aerodynamic coefficients. ~Aero-

dynamic ceefficients are nondimensional
coefficients for forces and moments.:
They correspond with those adopted by
the U. 8. National Advisory Committee:
{for Aeranautics.

5) Critical engine(s).  The critiea’

“Air Regulations is demonstrated.

Acrobatic Categories

.engine(s) is that englne(s) the faflure or
1 which gives the most adverse effect o

‘the airplane flight characteristics rela-
tive to the case under considerhktion.
(@) Wewghts—(1) Mamimum weight.

| ‘The maximum weight of the airplane is

that maximum at which compliance with!
the requirements of this part of the Civil:
(See
§3.74.) .
Y2 Minimum weight., The minimum
weight of the airplane is that minimum

‘&t which compliance with the require-.
‘ments of this part of the Civil Air Regu-

lations is demonstrated, (See §3.75.)

(3) Empty weight. The empty welght!
of the airplane is s readily reproducible,
weight which is used in the defermina-
tjon .of the operating weights, (See.
'$3.73.) : : '
{4} DPesign maximum weight. The de-
sign maximum weight is the maximum
weight of the airplane at which compli-
ance is shown with the structural load-:
ing eonditions, (See § 3.181.)

(5) -Design minimum weight. The de-
slgn minimum weight is the minimum
weight of the airplane at which com-

" pliance is shown with the structural

loading conditions. {(See § 3.181.) )

_ (8) Design landing weight, The de-
slgn landing weight is the maximum air-
plane weight used in structural design
for landing conditions at the maximum
veloeity of descent. (See §3.242)

(7) Design unit weight. 'The design
unit weight is a representative weight

used to show compliahce with the strue-| .

tural design requirements:
(1) Gasoline 6 pounds per U. 8. gallon..
(i) Lubricating oil 7.5 pounds per
U. 8. gallon, :
(i) Crew and passengers 170 pounds
per persom. :
(d) Speeds—(1) I4S. Indicated air
tpeed is equal to the pitot static air-
speed indicator reading as installed in
‘the airplane without correction for air-
speed indicator system errors but includ-!
ing the'sea level standard adiabatic com-
pressible flow correction. (This lafter
correction is included in the calibration.
of the air-speed instrument dials.) ’

{2y CAS. Calibrated alr speed. is.

equal to the air-speed indicator reading:
corrected for position and instrument.
error. (As a result of the sea level adia-;
batic compressible flow correction to the
air-speed instrument dial, CAS'is equal
to the true air speed TAS in standard
atmosphere at sea lével.) ”

(3) EAS. Equivalent air speed is
equal to the air-speed indicator reading
corrected for position error, instrument

flow for the particular altitude. (EAS
is equal to CAS at sea level in standard
Atmosphere:) - o

(4) TAS. True alr speed of the alr-
plane relative' to undisturbed = air.
(TAS=EAS (po/p) ¥).

(5) Ve. The desien cruising speed,
'(See § 3.184.)

(6) Ve The design diving speed. (See.
§ 3.184)

(7} Vy. The design flap speed for fiighv

loading conditions with . wing flaps in
the landing position. (See §3.190.)
(8) V. The flap extended speed is &
‘maximum speed with wing flaps. in &
prescribed  extended position. . (See
§3.742)

(9) V. The maximum speed obtain-
able in level flicht with rated rpm and
power, :

(109 Vme. The minimum control speed
with the critical engine imoperative.
(See §3.111.) .

(11} Vne. The never-exceed speed.
(See §3.739) ]

(12) Vno. The maximum structural
cruising speed. (See §.3.740.) '

(13) Vp. The design maneuvering
speed., (See §3.184.) .

(14) Vs The stalling speed comput
‘at the design landing weight with the
flaps fully extended. (See §3.190.) )

(15} Vs, The stalling speed or the
minimum steady flight speed with wing
flaps in the landing position. (See
§3.82.) .

(16) Vs, The stalling speed or the
minimum steady Right speed obtained
in a specified configuration. (See
§3.82)

(17) Vz ‘The speed for best angle of
climb. .

(18) Vy. The speed for best rate of

elimb.
; (e) “Structural—(1) Limit load. A
limit load is the maximunt load antici-
pated in mormal conditions of operation.
(See §3.171.)

(2) Ultimate load, An ultimate load
{s a limit load multiplied by the appro-
‘priate factor of safety, (See §3.178.)

(3) Factor of stfety. The tactor of
safety is a design factor used to provide
for the possibility of loads greater than
those anticipated in normal conditions of
operation and for uncertainties in de-
sign. (See §3.1720

<4y Load factor. The load factor is
the ratio of a specified load to the total:
weight of the airplane; the specified
1oad may be expressed in terms of any
of the following: gerodynamic fgt_'ces'
inertis forees, or ground Or Waler Teac--

error, and for adiabatic compressible’

fions.

(1}
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(5} ‘Limit load, factor, The Hmit load
factor is the load Iactor correspoxfdmg
thh limit loads. ‘

- (6) Ultimate load factor. -The ulti-
‘;mate load factor is the load facior cor-
tesponding with ultimate loads,

(1) Design wing area. The design
wing area is the area enclosed by the
wing outline (including wing fiaps in the

retracted position and ailerons, but ex-}-

‘cluding fillets or fairingsy on a surface
containing the wing chords. The out-

line is assumed to be extended throughi

the nacelles and fuselage to the plane of
Symmetry in any reasonable manner.
(2 Balancing tail load. A balancing
tail load is that load necessary to place
the airplane in equilibrium with zere
pitch acceleration.
. (9) Fitting. A fitting.isa pa.rt ot ter-
minal used to join one structural member
to another, (See § 3.306.) . .
(£} Power  installation*—{(1) Brake
horsepower. :Brake horsepower is the)

: i th Iler shaft of] -
power delivered at the propeller shaft o .sheet or structural members, fire-re-

‘sistant material means a material which
‘will withstand heat at least as well as

the engine.

(2). Take-off power. Take-off power]
is the hrake horsepower developed under
standard sea level conditions, under the
maximum conditions of crankshaft ro-
tational speed and engine manifold pres-|
sure approved for use in the normal
take-off, and limited in use to a maxi-
mum continuous period as indicated in
‘the apnroved engine specifications.

(3) ‘Magimwm - continuous power
Maximum continuous power is the brakei
ihorsefower developed in standard at-
mosphere at a specified altitude under
!the maximum conditions of crankshaft
rotatmna}. Lspeed and engme ma.mfold
pressure approved for use durmg perlods
iof um‘estncted duratmn ]

(4) Mamfold Pressure.”
pressure is the absolute pressure meas-
‘ured at the appropriate point in the

“induetion. system, usually in inches of .

Imercury.

(5) Critical altitude. The crmcal‘
altitude is the maximum ailtitude a.t
‘which in standard atmosphere it is pos-}
-sible to. maintain, at a specified rota-
‘tional speed, a Speciﬁed power or. a
ispecified manifold pressure. Unless
otherwise stated, the critical altitude is
‘the maximum altitude at which it is
‘possible to maintain, at the maximum

‘continuous rotational speed one of the

_fo]lowmg

(i), The maximum continuous power.
:in the case of engines for which this
.power rating is the same ai sea level
‘and at the rated altitude.

(ii) The maximum continuous rated
‘manifold pressure, in the case of engines
the maximum continuous power of which

is governed by a constant manifold |-
pressure. g

e‘ “ shall. apply to all airplane types eértifl-
,-cated uader this part irrespective of thé:

(6) Pitch setting. Pltch setting is th

propeller. blade setting determined by,

L For engine alrworthiness reguirementd
For propeller
airwnrthmess requirements see Part 14 o?:

see Part 13 of-this subchapter.

thls subcha.pt«er

.will withistand Heat at least as well as

‘most severe conditions of fire and dura-{

2to a line and fitting assembly, compo~

'to occur at the particular location,

‘alter the removal of the ignition source.

Mamfold -material means material which will not

" provisions ‘hereinafter established or if

: [CAR Amdt. 3-7, 17 P. R. 1085, Feb. 5, 1952]
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the blade angle measlired in a manneér
and at a radius, specified in the instrue-|
tion manual for the propeller.

(7) Feathered pitch.. Peathered pitch|

is the piteh setting, which in flight, with|-
the engines stopped gives approx1mate1y
‘the minimum drag and corresponds with
a windmilling torque of approxlmately
Zero,

(8 Reverse pifch. Reverse pifch is
the propeller pitch setting for any blade;
angle tised beyond zero piteh (e. g., the
negative ahgle used for reverse thrust)

(g} Fire protection — (1) Fireproof.
Fireproof materizl means material which’

steel in dimensions appropriate for the|.
purpose for which it is to be used. When;
applied to material and parts used to
confine fires in designated firé zones,
fireproof means that the material or part
will perform this futiction under- the

tion likely to cccur in such zones.
(2) Fire-resistent. When applied tu

aluminum zlloy in dimensions appro-§
priate for the purpose for which it is o
be used. When applied to fluid- carrymg
lines; other flammable fiuid system com-
‘ponents, wiring, air duets, fitiings,. and
‘powerplant controls, this term refersf

nent, wiring, or duet, or controls whxch
will perform the mtended functions un-;
der the heat and other conditions llkely‘

. (3} Flame-resisiant.. Flame-resistanty
material means material which will notj!
support - combustion to the point of
propagating, beyond safe limits, a flame!

(4) Flash-resistant. Flash-resmtant

burn violently when ignited.

(8) Filammable; Flammable pertains
to those fluids or gases which will lgmte
readily or explode.

[CAR. Amdt, 8-7, 17 F. R. 1084, Feb. 5, 1952]

" "CERTIFICATION

« §3.10 Eligibility for type certificate.;
An airplane shall be eligible for type cer-

._'t]'.ﬂcation under the provisions of th'.lsi]

‘part if it complies with the airworthiness

‘the Administrator finds that the provi-|
‘sion or.provisions not complied with arelf
‘compensated for by factors which pro-}
v1de an equivalent level of safety:; Pro-}
‘vided, That the Administrator finds no
‘feature or characteri.tic of the airplane
:which renders it unsafe for the category
in which it is certificated.

"3 8:117 " hesignation of applicable regu-
lations. The provisions of this sectibr

date of application for type certificate.
- (&) Unless otherwise established by:
‘the Board, the airplang .siisll-comply

i with a1l amendfhents thereto effoctive’

on the date of application for type cer-
- tificate, except that compliance with
later - effective amendments may- be
elected -or required pursuant to para-
graphs (¢), (d), and (e} of this section.
. (b} If the interval between the date
of application for type certificate and the
" issusnce of the corresponding type cer-
tificate exceeds three ypars, a new ap-
plication for type certificate shall be
required,” except that for applications
pending on ‘May 1, 1954, such three-year
period shall commerice on that date. - At
the option of the applicant, a new appli-
cation may be filed prior to the expira-
tion of the three-year period. In either
instance the applicable’ regulations shall
be those effectivé on-the date of the new
application. in accordance w:t.h ‘para-
graph (a) of this section. '

(¢) During the interval between ﬂ!.ing
the.application and the issuance of a
‘type certificate, the applicant may: elect
to ‘'show compliance with any amend-
ment of this part which becomes ef~
tective during that interval, in which
case all other amendments found by the
Administrator -to be directly related
| shall be complied with.

{d) Bxcept as otherwise provided by
the Board, or by the Administrator pur-
-suanit to § 1.24 of this subchapter, a
change to a type certificate (see § 3.13
(b)) may be accomplished, ai the op-
tion of the holder of the type certificate,
| ¢ither in accordance with the regulations
{ncorporated by reference in tue type
certificate pursuant to § 3,13 (¢), or in
a.ccordam:e with subsequent a.mend--
ments to such regulations in effect on
[the date of application for approval of
ithe change,  subject to the following
-provisions:

(1) 'When the applicant elects to show
.compliance with an amendment to the
lregula.tions in efféct on the date of ap-
‘plication for approval of a change, he
shiall show compliance with all awiefid-

. ments whicki the Administrator finds are

directly related to the particular amend-
'ment selected by the applicant.

{2y When the change consists of a
‘new -design or a substantially complete
‘redesign of & component, equipment in-

Q .stallation, or system installation of the

airplane, and the Administrator finds
‘that- the regulations incorporated by
: reference in the type certificate pursyané 1
to §3.13 t¢) do not proyide complete

he shall require. compliance with such:
| provisions of the regulations in-effect
lon the date of application for approval
' of the change as he finds will provide a
‘level of safety equal to that established
by the regulations incorporated by ref-'
erence .at the tlme of issuance of th9<
type. certificate.. :

Nore: "Examples of new or redesigned cont=
ponents and installations which might re-.
'quire compliance with regulstions In effect.
on the date of application for approval, are;’
New powerplant instailation which ls lkely'
“to - introduce additional fire or operational:
hazards unless additional protective meas-

%standards with -respect to such change,,

B ures. are incorporated; .the installation of'

an suto-pilot or a new electric power systen.
(e) . If changes listed in subparagraphs,

with the provisT— 1E of this part together

(1) -through (3) of this parsgraph are
made, the airplane shall be considered.
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-compliance with the regulations.

"paragraph (a) of this section shall be

. fof subsequent airplanes of the same type:
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a8 'a new type, In Which cdse & new ape ;-

Plication for type certificate shall be re. |,
tired and the regulations together with:
all amendments thereto effective on the

date of the new appli¢ation shall be made;|.

#applicable in accordance with para-

graphs (@), (), (¢}, and (d) of this:lings in the type design,

gection, .

(1) A change in the number of en- |,

igines; . S

(2) A change to engines employing’
different principles of ‘operation or pro=-
pulsion; : : )
¢ (3} A change In design, configuration,
ipower, or weight which the Administra-'
'tor finds. is 50 extensive as to require a
substantially complete investigation of

§ 332 "Recording of applicable Fepulas
jtions. The Administrator, upon the is-
suance of a type certificate, shall record |
‘the applicable regulations with which |
écomplia.:nce was demonstrated. There=|
‘after, the Administrator shall record the
Applicable regulations for each change!|
dn the type certificate which is accim-
‘plished ‘in accordance with regulations'

other than.those recorded at the time|

of issuance ¢f the type certificate:
$3.11.) o

§3.13 Type certificate. (a) An ap-
plicant shall be issued a type certificate
when_he demonstrates the eligibility of
'thg airplane hy complying with the re-
quirements of this part in addition to the:
‘applicable requirements in Part 1 of this
‘subchapter. ]

. (b) The type certificate shall be
|deemed to ineclude the type design (see
8 3.14 (b)), the operating limitations for
sthe airplane (see § 3.737), and any other’
jconditions or limitations prescribed by
ithe regulations in this subchapter, ‘

(¢) The apnlicable provisions of this’

‘part recorded by the Admihistrator in
mccordance with § 3.12 shall be consid-
ered as incorporated in the type certif-
deate as though set forth in full. =~ '
. §3.14 Lata required.  (a) The ap-

ticant for a type certificate shall sub“
,mit to the Administrator such descrip-
.tive data, test reports, and computations
ims are necessary to demonstrate that thei
airplane complies with the requirements!
-of ‘this part. o ‘ i
(b} The descriptive data required iﬂ‘

(See )

known as the type desien and shall con-
sist of such drawings and specifications
'as are necessary to diselose the config-
;uration of the airplane and all the deésign

[features covered. in the requirements of | yoq4q prescribed in the regulations in this

‘this part, such’ information on dimen-
'sions, materials, and processes as is nec—
‘essary to define the structural strength
‘of the airplane, and such cther data as
are hecessary to permit by cofparison
the determination of the airworthiness

;[CAR, Amdt. 3-7, 1T F. R. 1085, Feb. 5, 1952]

- §3.156 “Inspections and tests. Inspec—
“tions and tests shall include all those
found necessary by the Administrator
ito insure that the aifplane complies with:
the applicable airworthiness require-
‘ments and conforms to the following.:

[Paragraph’ (c) smended by Amds. $-10, 18

ta) All matérials ahd products are irf
‘nccordance with the specifications in the-
type design,, - - o
(b) Al parts of the airplane are con-
structed in accordance with the draw:

(&) All manufacfuring processes, ¢dii-
gtruction, and assembly are as specifie ‘
in the type design.

¥, R. 2213, Apr. 19, 1958], R
T7§3.16 Flight fests. After proof of
‘compliance with the structural require.
'ments contained in this part, and upon
completion of all neecessary inspections
iand testing. on the ground, and proof of;
;the conformity of the airplane with the

‘type design, and upon Teceipt from thel
applicant of a report of flight tests per-
formed by him, the following shall be
‘conducted: ' ]

(a) Such official flight tests as the
Administrator finds necessary to deéter-
‘mine compliance with the requirements
.of this part. )

(b) After .the coneclusion of flight
.tests specified in paragraph (a) of this
section, such additional flight fests, on
‘sirplanes having a maximum certifi-
.cated take-off weight of more than 6.000
‘pounds, as the Administrator finds nec-

essary to ascertain whether there is|

reasonable assurance that the airplane,
its eomponents, and equipmrent are re-

plane type which is taken into considera
tion in establishing the extent of the
official porticn of the tests. This sup<
.plementary experience may be obtained
by the manufacturer, military services}

"} girlines, ete.

(5) Simulated tests. Tests on the'
ground or in an airplane of components
‘and equipment under conditions simu-
-1ating those likely to be ohtained in serv-
ice, which are taken into consideration
~in establishing the extent of the official
portion of the fests. =

" () Additional flight tests. To satis:
factorily accomplish the objectives of
§3.16 concerning additional flight tests

and the extent thergof, the Adminis-,
trator deems if necessary tl}at:

(1) A comprehensive ana.systematic’
check be made in fiight of the operation
of a)l components to defermine whether
they “function properly”, i. e., perform,
their. intended functiop without intro--
ducing safety hazards. '

"(2) Sufficient testing and supplemen-
tary experience under actual, or & com-

liable and function properly. The extentd bination of simulated and actual, experi-,

of such additional flight tests shall de-
pend upon the complexity of the air-
plane, the number and nature of new
design features, and the record of pre-
vious. tests and experience for the par-!
ticular airplane type, its components,
and equipment. If practicable,. these
flight tests shall be conducted on the
‘same airplane used in the flight tests|
.specified - in paragraph (a) of this
isection, .

TCAR, Amdt. 3-7, 17 F. R. 1085, Feb. 5, 1852] ’

§3.16-1 Accelerated service tests for
gireraft having ¢ mazimum certificated
‘take-off weight of more than 6,000
pounds (CAA policies which apply to-
§ 3.16) —(ay Terms. Terms used in this
section are defined as follows: '

(1) 7.°C. Board. . The Type Certifica-
tion Doard set up by the CAA Field |
Offices for each new type aircraft project.

(2) Routine cor tests. The fight

-part to determine performance, flight
characteristics, power plant character-

_isties, ete. (e; g. §§ 3.61 through 3.780),
‘eonducted in accordance with existing
procedures. .
(3) Official functioning and reliability
tests. That portion of the flight tests
“esonducied in showing compliance with
‘the regulations quoted in subparagraph
¢2) of this paragraph, which is under
‘the immediate supervision of the T, C.
Board, as described in this section.

ence be obtained and evaluated to give:
reasonable assurance that the airplaneis,
“reliable”, 1. e., showld-contihue to fune-.
tion properly in service. .

Nore: In order to abtain wider experience;
manufacturers should be encouraged to co-
operate. with alrilhes or other responsible
operators in operating experimental air-
planes of the same type under service con-
ditions. . -

. (3) Appropriate corrective action be
taken when the need therefor is deter-
mined under subparagraph (1) or (2 of!
this paragraph.

Note: The CAA should be concerned only
to the extent that the airplane can be oper-
‘ated safely under suitable Inspection and
maintenance procedures, but should not he
‘concerned with. maintenance costs.

. (¢) Test program. The Type Certifi-
cation Board for each project should
decide upon a proposed official test pro-
gram ai the time of the Preflight meet-
ing of the Board (prior to the roufine
CAR flight tests) and coordinate this,
with the airplane manufacturer. A
the eonclusion of the routine CAR tests,
the T. C. Board should meet again to re-
view the experience gained ih those tests,
changes made in the design, and any
additional - supplementary experience,

nd to revise the proposed program
accoréingly.

- (4) Supplementary experience.  Other
flight tests and experience with an alr-

(d)“ Planning and execution of lest
program. The following points should
“be considered: ’ o




(1) The test program should be sufi~
ciently well planned to enable its execu-
‘tion in an efficient manner without over-
:looking important items? The T. C.
Board should review the design features,
‘and equipment with respect to the gen-.
eral objectives, and prepare a list show-
ing: . .

@ Components and systém?® ‘to be‘
checked in subparagraph (4) of thl.s par-
agraph,

(i) A brief descripmon of the opera-
tions to be performed, where these are

‘not obvious (referencing any necessary:{

operating instructionsy,

(iil) Special checks or hkeLv critical'

conditions,
tiv) ‘Estimated ﬂ1ght time required.

") Allowance may be made for theh
functional tests already required by the.
routine CAR tests. Allowance may also,
be. made for simulated testing of new:

features and equipment; however, the

flight test program will be planned to’
determine the adequacy of the simulated
tests (e. . to determine whether the
actual environmental conditions of tem-
“perature,’ vibration, ete. are covered by
the simulated tests) when these may be

eritical, and to determine whether they
installation and connected systems are:

‘satistactory. The T. C. Board will then
make a consolidated estimate of the total
flisht time required, allowing for over-
lapping, and adjust this in accordance
‘with the “test time™ section outlined in.
paragraph (e} of this section. - -
#(3) The program will be arranged fo
‘permit the Aviation Safety Agent in
charge to become thoroughly familiar
with the characteristics of the airplane,
pamcularly those not specifically cov-
ered in the routine CAR tests.

(4) In accordance with paragraph (b)
(1) of this section, all components of the
“airplane should be intensively " operated

and studied under all operating condi--

tions expected in service and obtainable
-within. the time and geographic limita-
tions of the tests., Particular attention

will be given to the emergency proce-)

dures which would be required in-the
event of malfunctioning of any compo-
hent, source of crew error, and overtax-

ing of crew abilities. This intensive type

JE S ——
21t is not Intended that the “papet WOT.
be over-emphasized to the detriment of the
;practical resuits, and it should be reduced:

ftq a minitmum wherever possible

*"Tasts of anti-icing systems under getual’
‘tetng conditions will in many cases be im-
‘practicable prior to type certification, A
policy s in preparation regarding the ap-
proval and use of such systems in air-car=
rier operations. This will cutline the flight

testing required at various stages

“1This does not imply fhat AlEht tésts must {-
‘be conducted under the Qpost severe outside |’

alr temperatures likely to be encountered in
service. It should normally be possible to

determine the effects of extreme outsicte tem-

peratures on local temperatures by extrapola-
tion cr by suitable correction factors. .

¢ Intensive operation means repeated oper- |
ation of components in varlous seguences
and combinations likely t0 ogcur d service.
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of testing should be “conducted in all’
cases, but the length of time for which
it is continued will depend upon. thel
simulated and supplementary experience
available for the particular type, as out-
lined in “test time” under paragraph.
(e) of this section.

(5) - Ground inspections shou}d be
made at appropriate intervals during the
test program to determine whether there’

are any failures or incipient failures inj;

‘any of the components which might be a
hazard to safe flight,

(6) When design changes are made
during the course of the test, or when
the official test airplane differs from
those on which supplementary  experi-

1 ence is obtained, or from modified ver-
slons of the same basic airplane type,

the revised or modified items should bei
rechecked in accordance with the above!
procedure, but every effort should be
made to include such items in the pro-
gram in such a way as to avoid unduly.
extending the over-all test time.  Tof
this end, the Administrator may acceth
in lieu of additional flight tests:

(1) Special tests of the original and
revised components in which the condi-
t;pns__causmg failure are intensified, and
ponents .

(e) Test time. It is highly aesirable:‘
that functioning and reliahility test pro-
grams be administered uniformly in the
sense that the program and flight time
for a given projeet would be approxi-
mately the same regardless of which T. -
C. Beard administered the project. This
Is difficult to achieve without establish-
ing fixed arbitrary test times. However,
such fixed arbitrary times would ob-
viously be contrary to the intent of the
Regulations. The following procedure
with regard to establishing the regquired
test time which permits considerable-
flexibility is, therefore, established for
the guidance of T. C. Boards.

(1) The times suggested in this para-
graph apply when supplementary experi-
ence is not taken into account, and are
for airplanes which are conventional in
regard to complexity and design fea-
tures. Those times may be reduced to
allow for supplementary experience, as.
outlined in subparagraph (2) of this pat-
agraph, and for simulated testing, as
outlined in paragraph (d) (1) of this
section. In extreme cases of complex-«
ity * radically new design features, or
ditficulties in earlier flights, these times
may be increased. Non-Transport (this .
part) —40 to 150 hours depending on
complexity.

(2) When satisfa,ctory supplementa. y
experience is available and taken into {
account, the following allowa.nces should

AR example of extreme complexity would
ke transport tniended for operation at 40,000
feet altitude, with automatle dive recovery
\fiaps, turbos, variable Jet exhaust, two speed
cooling fans, retractable wind screens, aute-
‘matic control of engine cooling, turbos,
{ Intercoclers, jet exhaust, ete, The test pro-
gram for such an airplane might require as

much as 300 hours if no supplementary ex-
{perience were availa.ble

be used as a guide and applied with
Jjudgment in reducing the official flight
test time determined in accordance with
subparagraph (1) of this paragraph.
However, in any case, the official pro-
gram should provide sufficient time to
accomplish the objective in paragraph
(b) (1) of this section in"accordance
with paragraph (d) (3) and (4) of this
section, )

A5 For intensive erperience. When
‘the allowance is based on the total time
of any one a1rp1a.ne in airline crew
training and similar intensive opétan~
tions, two hours of such operstion may.
be considered equivalent to one hour of
official testing.

(i) For miscelluneous experience.
When the allowance is based on the total
time of any one airplane, five hours of
such experience may be considered
equivalent to one hour of official testing.:

(iil) Reduction for supplementary ex-
perience. Whenever a reduction of offi-
cizl test time is desired on the basis of
supplementary experience, such experi-
ence must be adequately recorded and
submitted to the T. C. Board, as de-
seribed in paragraph (f) of this section.

(f) Reports and records. (1) A log
should be kept of all flight tests, and ac-
curate and complete records kept of the
inspections made and of all defects,
diffieulties, and unusual charactéristics
and sources of crew error discovered

‘during the tests, and of the recommenda-

tions made and action taken. Items for
which design changes may be reguired
will be reported to the manufacturer and
the appropriate = CAA engineering
division, ’ ’

(2) If supplementary experience is to
be taken into account, similar records
of such experience should be kept and
submitted to the T. C. Board, together
with a list of the differences between
the airplane on which the experience
was obiained and the official test air-
plane. When supplementary experience
is obtained on a large fleet of airplanes

A{for example, military operations) -of the

same or a comparable type (see item §
under Test Program), these records may
consist of statistical summaries in lieu
‘of complete records for each individual
airplane.

(3) At the coneclusion of the official
tests, & summary report should he pre-
pared by the T. C. Board and forwarded
‘to Washington for inclusion in the Type,
Inspection Report.

(g Administration. 'The CAA Avta-
tion Safety Agent in charge should act
as coordinator of all flight activities of
the T..C. Board during the official pro-
gram and the agent or an alternate des-
ignated by him will participate in all
flights. He should collaborate with the
manufacturers’ pilots in all these activi-
ties, particularly in regard to flight plans
and - procedures. The manufacturers’
pilot should be in command of all flights,
but CAA pilots should fly the airplane
-at least sufficiently to accomplish para-

graph (d) (3) of this section.
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(1) Other CAA personnel (e. g. repre-

-sentatives of other Divisions and spe-
olalists) should participate in the flight

tests when deemed necessary by the T. C,

‘Board to accomplish the purposes of the
‘tests. - - N

(2) When supplementary expericnce
is:obtained in airline operations, & CAA
I_Aviation Safety Agent should be assigned
o follow the operations, review the op-
erator’s records, and supplement these
by reports to the T, C. Board.  _

(h) Test eirplane., Section 3.19 tun-
tains the phrase “If practicable,. the
fiight tests * * '+ shall be conducted
6én the same alrplane. * '* *” This
phrase will be liberally inferpreted to
facllitate completion of the type certifi-
eation procedure. Thus, one airplane
may ‘be used for:the officlal functioning

‘and reliability tests while another air-

plane (or airplanes) is used for the
routine CAR tests. In this case the test
time on at least one airplane must be!
sufficient to accomplish the objective of
baragraph (b} (2) of this section. -

() Modified types. ‘The procedure

Joutlined above applies to new type de-

signs, When a design employs compo-
nents identical to those used in previous

designs, credit may be given for the sup-~ |

plementary experience available for such:

components. When a design is modifted }:

(for example, several versions of the
same basie type with different engines,

‘propelfers, ete.) the modifted features
‘and components should be treated in ac-

cordance "with paragraph (d) (8) of
this section.

[CAR, Supp. 10, 16 F. R. 3273, Apr. 14, 1951,
Redeslgnated and amended by Supp. 14, 17

‘F. R..B065, Oct. 11, 1952]

§3.17 Airworthiness, experimental,
and production certificates, (For re-
quirements with regard to these certifi-
cates see Part 1 of this subchapter.)
[CAR, Amdt. 8-7, 17 F. R. 1086, Feb, 5, 1952]

§3.18 Approval of materials, parts,
processes, and  applignces. {(a) Mate-
rials, parts, processes, and appliances.
shall be approved upon & basls and in
a manner found necessary by the Ad-

‘ministrator to implement the pertinent

provisions of the regulations in this sub-
chapter. The Administratel may adopt
and’ publish such’ specifications as he
finds necessary to administer this regu-
lation, and shall incorporate therein.
such portions of the aviation industry,

‘Federal, and military specifications re-
‘specting such materials, parts, processes,
-and appliances as he finds appropriate.

Nore: The provisions of this paragreph are

‘intended to allow approval of materials,
‘parts, processes, and appliances under the

system of Technical Standard Orders, or in
sonjunction with type certification proced-
ures for an airplane, or by any other form
‘of approval by the Adminlstrator.

. (b} Any material, part, process, or ;.

‘appliance shall be deemed*to have met’
the requirements for approval when it
.meets .thé pertinent specifications
sdopted by the Administrator, and the:

'Standard Order for any product does not

‘tion procedures, if there is established a.

‘manufacturer so certifies in a manner
prescribed by the Administrator, ’
{CAR, Amdt. 3-¥, 17 F. R. 1088, Feb, 5, 1852]

§ 3.18-1 Approval of materials, part;;f
processes, and appliences (CAA rules
which apply to § 3.18). Aircraft mate-
rials, parts, processes, and appliances
‘made the subject of Technical Standard
.Orders shall be approved upon the basis
and_in the manner prescribed in Rarf
514" of this title, "Technical Standard
Orders—C-Series—Aircraft Components)
[CAR, Supp. 14, 17 P, B, 8065, Oct. 11, 1952]

§ 3.18-2 Application of the Technical,
Standard Orders (TSQ) System:; ¢
Series (CAA policies which cepply lo!
|§ 3.18)—(a) Purpose of Technical Stand-]
ard Orders. Technical Standard Or !
are a means by which the Administrator
adopts and publishes the specifications'
for which authority is .provided in
§3.18 (a). : :

(b) Applicability of Technical Stand-
ard Order reguirements. (1) The ap-;
plicability of and effective dates for TSO.
‘items are set forth in each TSO.

(2) Each Techniecal Standard Order'
‘sets forth the conditions under which:
‘materials, parts, processes, and appl-
‘ances approved by the Administrator
_prior to establishment of an applicable
TS0, may continue to be used in air-
eraft, L L. .

Y7 {3y The establishment of a Technical,

preclude the possibility of establishing
‘the acceptability of a similar product as
part of an aireraft, engine, or propeller,
under the type certification or modifica-

level of safety equivalent to that pro-
vided in the regulations in this sub-
chapter as imptemented by the appropri~-
ate Technical Standard Order and the
product is identified as part of the air-
plane, engine, or propeller. ’

(¢) Administration of the Teechnical
Standord Order (TS0} system. 'The
principles which apply in administering’
the Technical Standard Order system
are as follows: :

(1) Technical Standard Orders will
reference performance provisions of rec-
ognized government specifications, or es-
tablished industry specifications which,
have been found acceptable by the CAA.,

the Orders will include criteria prepared:
by the Administrator. In preparir ~ eri-
_teria. of this type, the Administrat  will,
1give consideration to recommendatio
:made by the industry. o

| ¢2) Minimum performance require-
! ments established by the Civil Aeronau-
i tics Administration and published in
. - .

Toopies of individual TSO’s contained In

'Part 514 of this title are available upon ap-
plication to the Aviaticn Information Office,

If no satisfactory specification exists, ]

‘Technical Standard Orders will serve.as
‘& means by which materials, parts, proe-
: esses, and appliances intended for use in

certificated aircraft will be accepted.

(3) TSO’s set forth the minimum re-
quirements for safety. Every effort will’
be made by the CAA to keep the require-
ments at the minimum levels of safety
and TSO's will not be used to set forth
“desirable” standards.

(4) It will be the responsibility of the
person submitting a statement of con-

"formance to the CAA, certifying that his

L product meets the requirements. of the

(TS0, to conduct the necessary tests dem-
.onstrating compliance therewith., 'This
person will be held responsible for main-
taining quality control adegquate to as-
sure that products which he guarantees
4o meet the reqguirements of 2 TSO do,
in fact, meet these standards.” The CAA
_will not formally approve such products
as meeting the requirements of TSO's
nor exercise direct inspection control
over them. The statement of conform-
ance with the provisions of a Technical
‘Standard Order normally will be ac-
cepted by the CAA as sufficient indication
that the applicable requirements have
been fulfilled. ~

Any TS0 item which is modified must
continue to comply with the require-
ments of the TSO; and the person au-
thorizing the modification will be re-’
sponsible for such compliance.

d) Numbering of Technical Standard
Orders, Each Technical Standard Or-
der will be assigned a designation con-
sisting of the letters “TSO,” a series code
letter “C” indicating aircraft materials,
parts, processes, and appliances, and a
serial number to be assigned in sequence
for each of the TSO's issued in the “C".
series, e. g., TSO-C-1, “Smoke Detec-
tors,” -Revisions are indicated by the
addition of letters a, b, ¢, etc., after the
number, .
[CAR, Supp. 14, 17 F. R. 9066, Oct. 11, 1952}

§3.19 Changes in type design. (For
requirements with regard to changes in
type design and the designation of ap-
plicable regulations thérefor, ‘see §a.11
(dy.and (e), and Part 1 of this sub-

chapier,)

. §3.19-1 Changes of enginés (CAA pol-
icies which apply to § 3.19). {(a) There
are currently available newly designed
engines of approximately the same sizé
and weight as. previously designed en-
gines, but with considerable variations
in power. It is possible to interchange
these engines with little or no installa-
tion changes, and although minor.
changes in engine weight may be
involved, it will still be practical to oper-
ate the aireraft at the originally ap=+
proved gross weight. Under § 3.185, the:
Imaneuvering load factor-is not depend-
ent upon engine power, and under § 3.184
the design airspeeds can be independent
of engine power. Therefore, a changet
which involves or permits a practical.

- Clvll Aeronautics Administration, Depart-

:ment of Commerce, Washington 25, D. C. .

power increase by exchange of engines
shall be approved by the Adminisirator:
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. Provided, That such exchange of engines
is not accompanied by an increase in
'the gross weight of the aireraft, or ang
‘increase-in placard speeds. Under thosey
‘conditions it will not be necessary to}
restriet the maximum continuous horse-}

power by a placard because of the air-§~

plane speed limitations since the latter
iare indicated on the speed placards.
(h) Aircraft alterations involving]:

weight or speed changes beyond those sel] ;

‘forth above will be approved by the Ad-
ministrator, if the applicant shows com-
‘pHanbe Wwith the a.pphca.ble a.u'wortm-
ness requirements.

(¢ Under § 3.19, it will be necessa.ry
ito require such  investigations of local
structure, weight.and balance, power
plant installations and flight tests as are
normally involved in a change of ehginie]:
{ype. However, every  effort will be
‘made by reference to data already on
‘hand to minimize the amount of testingi’

and structural analysis required of the’

applicant. '

[CAR, Supp. 10, 16 F. R. 3281, Apr. 1851, e
8085, Oct. 11, 1952
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AIRPL.‘\N E CATEGORIEL

§ 3.20 Airplane cefegories. “(a) For
ithe purpose of certification urnder this{
part, airplanes are divided upon the basis
rof their intended operatmu into the fol-
lowing categories:
(1) Normal-sufiz N. Ajrplanes in,
this category are intended for nonacro-
batic, nonscheduled passenger, and non-
scheduled cargo operation, i

Jeategory are intended for normal opera-
tions and limited acrobatic maneuvers.]
.These airplanes are not suited for use in;
‘snap or inverted maneuvers.

il
Note: The following  Interpretation ota
paragraph (a) (2) was lssued May 15, 1947,}
12 F. R. 3434: The phrase “llmited acrobatle;
maneuvers” as used In §38.6 (now §3.20) 1s:
interpreted to include steep’ turns, spins,!
gtalls (except whip stalls), lezy elghts, and’
Echandelles

| (3) Acrobatic-sufiz A. Airplanes in.
this eategory will have no specific re-

strictions as to type of maneuver per-j§
{'mitted unless the necessity therefor is'

‘disclosed by the required flight tests.

(b) An airplane may be certificated |

: |.under the requirements of a particular {
ignat d . R} '
designated and amended by Supp. 14117 F. B, ficategory, or in more than one category,-

1 tions which epply to § 3.20).

brovided that all of the requirements of
each such category are met, Sections
‘of this part which apply to only one or
.more, but not all, eategories are identi-

.Indicated in paragraph (a) of this sec
tion. - All sections not identified by a
sufix are spplicable tc all categories.
exeept as otherwise specified.

(2) Utility-sufiz U. Airplanes in thisi! ‘[CAR, Amdt, 8-7, 17 F. R. 1086, Feb. b, 1952]3

§3.20-1 Approved maneuvers for nor-
mal category aircraft (CAA interpreta-
The phrase
“nonacrobatic operation” as used in
§ 3.20 (a) (1) is interpreted to mean that
‘type of operation in which the aireraft
ids limited to those maneuvers incidental
‘Yo normal fiying and including stalls:
(except whip stalls) and turns in which
the arigle of bank is not in excess of 60°

‘[CAR. Supp. 10, 16 . R. 3278, Apr. 14, 1951,
'Redesignated and amended by Supp. 14, 17
F. R. 8065, Qct, 11, 1952]

: §3.20-2 Approved Umited acrobatic
\maneuvers for wutility category air-

ioraft (CAA interpretations which apply

‘fied in this part by the appropriate suf-:
ﬁxes added to the section number, as
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to §3.26). The phrase “limited acro-

batigmaneyvers” as used.in § 3.20 (a) (2}
is interpreted to include spins (where

approved for the particular type air-

‘plane’; lazy eights, chandelles and sieep

turns in which the angle of bank is in
excess of 60°, It is recognized that air-

-eraft in this category are also capable of
performing all normal maneuvers listed

in § 3.20-1 for normal category aircraft.
Although it is possible in many airplanes
to perform other acrobatic maneuvers,
such as loops, without exceeding airspeed
and strengih limitations, inexperienced
or uninstructed pilots are likely to get
into difficulty. It istherefore considered
unwise o label such maneuvers “ap=
proved” in the Airplane Flight Manual.
[CAR, Supp. 10, 16 F. R. 3278, Apr. 14, 1951.

Redesignated and amended by Supp 14, 174

F. R. 9065, Oct. 11, 1853]
SUBPART B—FLIGHT R_EQU!REMEN‘I‘S
GENERAL
' §-3.61 Policy re proof of compliance.
Compliance with the reqmrements speci-
fied in this subpart governing functional

characteristics shall be demonstrated by
suitable flight or other tests conducted

upon an airplane of the type, or by cal-

culations based upon the test data re-
ferred to above, provided that the results
50 obtained are substantially equal in ac-
curacy to the results of direct testing:
Compliance with each requirement must
be provided at the critical combination
of airplane weight and center of gravity

position within the range of either for.
‘which certification is desired.

Such
compliance must be demonstrated by
systematic investigation of all probable
weight and center of gravity combina-
tions or must be reasonably m.ferable
from such as are investigated.

"~ §3.62 Flight test pilot. The applicant
‘shall provide a person holding an ap-
propriate pilot certificate to make the

Might tests, but a designated representa-

tive of the Administrator may pilot the

‘airplane insofar as that may be necessary
for the determination of compliance

with the airworthiness requirements.

. §3.63 Noncompliance with test re-
quirements,
discontinued until corrective measures
have been taken by the apphcant when

‘either:

(a) The apphcant’s test pilot is unable
or unwilling to conduct any of the re-
quired flight tests; or

(b} Items of noncompliance w1th re-
quirements are found which may render
additional test data meaningless or are
of such nature as to make further test-

‘ing unduly hazardous.

- §3.6¢ Emergency egress. Adequate
provisions shall be made for emergency
egress and use of parachutes by members

-of the crew during the flight tests.

§3.65 .Report. . The applicant shall

‘submit to the representative of the Ad-

ministrator a report covering all compu-

-tations and tests required in connection

with calibration of instruments used for

-fest purposes and correction of test re-

Official type tests will be|

sults to standard atmospherie conditions.
The representative of the Administrator
will conduct any. fhght tests which he
finds to be necessary in order to check
the calibratioh and correction report.

WEIGHT RANGE AIIQDACE'NTER OF GRAVITY

-§ 8.71 Weight and balance. (a) There{
shall be established, as a part of the type
inspection, ranges of weight and center

of gravity within which the airplane may
be safely operated.

(b) When low fuel adversely affects|

balanece or stability, the airplane shall be
so tested. as to simulate the condition
existing when the amount of usable fuel
on board does not exceed 1 gallon for
every 12 maximum continuous horse-
power of the engine or engines installed.

$3.71-1 Weight and balance limilg-

' tions for flight tests (CAA policies which

apply to §3.71 (w)). (a) Flight tests
should be conducted at the maximum
weight for which the airplane is to be
certificated and at no time during the
test should the weight exceed the fol-
lowing toleratices from the maximum
weight:

: Tolgrance
Item (percent)
General .. - : +6; —10,
Flight characteristics, general-... +5; —1I10.
Flight characteristics, critical
items affected by wetght_._—___ +8 —1.

. t
(b)Y The forward and rearward center
of gravity during .flight test loading
should be within a tolerarce of 7 percent
of the total travel for which the a.irpla.ne
is to be certificated,

(¢) When the maximum welght ati
maxzimum center of gravity limits cannot
‘be obtained practically during type tests,
aireraft specifications center of gravity
limits information should be referred to
the Chief, Aireraft Division, Civil Aero-
nauties’ Administration, Washington,
D. C,, for ruling.

(d)- The airplane certificated weight
and center of gravity range should not
exceed the authorized structural limits.
[Supp. 10, 16 F, R. 3282, Apr. 14, 1951. Re-

designated by Supp. 14, 17 F. R. 9066, Oct. 11,
19521

§3.72 Use of ballast. Removable
ballast may be used to enable airplanes
to comply with the flight requirements
i::z accordance with the following provi-
sions:

(a) The place or places for carrying
ballast shall be properly designed, in-
stalled, and plainly marked as specified
.in § 3.766.

(b) The Airplane Flight Manual shall
inelude instructions regarding the proper
disposition of the removable ballast un-
der all loading conditions for which such
ballast is necessary, as specified in
§§ 3.766 and 3.7717.

[Atndt. 03-0, 11 F. R. 13370, Nov. 9, 1946, as

amended by Amdt. 8-8, 17 F. R. 11631, Deg,
20, 1952]

§3.72-1. - Use of ballast (CAA pohcies
which apply fo § 3.72). (a) Removabl
ballast may be used in accordance wi
§ 3.72 provided -compliance is demony
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strated with §3.72 (@) and (b) as re-
lated items. If the airplane does not
have an Airplane Flight Manual, the-in+
structions regarding use of the ballast.
should be included on the placard pee-.
scribed in § 3.766. .

(b)) If misuse of ballast would result
in a particularly dangerous situation,:
such as spin recovery difficulties, a warn.’
ing note should be included in the in-
structions.

{¢) Because of the operational diffi-
culties likely to occur in Using removable
ballast, it should be used only as a last

. resort when it is found that fixed ballast

eannot accomplish the purpose without
geriously limiting the utility of the air-
plane. On new designs manufacturers

| should make every effort to arrange or

modify the designs to avold the use of

removable ballast.

[Supp. 10, 16 F. R. 3262, Apr, 14, 1951]

§393 Empiy weight. The embiy
weight and corresponding cefiter of
gravity location shall include all fixed
ballast, the unusable fuel supply (see
§3.437), undrainable oil, full engine
coolant, and hydraudlicc fuid.” The
weight and location of items of equip-
ment installed when the- aigplane is
weighed shall be noted in the Airplane
Flight Mantal.

§3.73-1 New production aircrafty
empty weight and o. g. delerminglion
(CAA policies which apply Lo §3.73)—
(a) Purpose. The purpose of this section
is to provide a procedure which will per-
mit manufacturers of new alrcraft, as
described in paragraph (b) of this sec-
tion, to -establish an average empty.
weight and empty ¢. g. for such alreraft,
thus avolding the necessity or weighing
each aireraft.

{b) Coverage. Aircraft to which the
procedure outlined herein may be applied
are those which are newly manufactured
in accordance with requirements con-
tained in this part, and Part 4a of this
subchapter (except transport category,
aireraft), and which are produced under-

l_the terms of a production certificate.

(¢} Procedure. Manufacturers pro-
ducing aircraft in accordance with the:

.requirements prescribed in paragraph

(b) of this section who are Interested in
establishing an averagé emply weight
and empty c. g. in lieu of actually weigh--
ing each aircraft, should prepare and
forward . through the local Aviation

‘Safety Agent to the Chief, Manufactur-

ing Inspection Branch, for coordination
and approval, a detailed proposal regard-
ing the procedure to be followed in es-
tablishing the system outlined in this
section. Any proposal submitted by a-
manufacturer which can be shown to
achieve the objective of the present
requirements applying to weight and
balance control; i. e, an accurate de-
termination of average empty weight
and empty c¢. g, will be considered

acceptable,

(d) Example. The following example
outlines an acceptable method for effect-
ing this system:
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(1) Actually welgh &nd déterming
empty c. g. of five to ten alrcraft of a
particular model, which have compar-
atively identical equipment installed, to
determine the average weight and c. g.

(2) Weigh an individual afrcraft at
regular intervals; e. g., each tenth air-
craff, as circumstances and conditiens
may warrant, for the purpose of deter-
mining continued accuracy of the ini-
tial empty weight and c¢. g. established.

(3> When the spot checking, as pre-
seribed in subparagraph (2} of this par-
agraph indicates & variation in weight in.
excess of 1 percent of the initially estab-|
fished empty weight and/or = variation:
in the empty weight c. g. in excess of
14 percent of the MAC, a new average

‘should be established in accordance withy

subparagraph (1) of this paragraph.” |
(4) Inasmuch as a weight and bal-
ance report is required in connection wi
each sircrafi presented for certification,
these reports may be computed for air-
craft which are not actually weighed)

Such reports should be marked “com-i

puted” for those alrcraft which are not]

actually weighed, and other reports will
- be marked “actual.”

[Supp. 5, 14 F. R. 5742, Sept. 20, 1949]

§3.13-2 Emply weight items (CAA
interpretations which apply to § 3.73)
(a} The empty weight must at least in-
.clude the ltems covered in §3.73, Any,
additional items such as de-icer fluid,
wash water and toilet chemical, if car-
ried, should be included in the empty
‘weight, or so handled that they will be
ineluded in the useful load and take-
off weight. R

(b) In any case, of course, the equlp-
ment list should clearly reflect which
{tems are included in the empty weight.
If this is done, it is not believed that
confusion will result at some later date
as to what Is or is not added into the
empty weight. :

[Supp. 10, 16 F. R. 3263, Apr. 14, 19511

§3.73-3 Unusable jfuel supply and
undrainable oil (CAA inlerpretations
which apply fo §3.73). (a) Unusable
fuel is determined by the provisions of
§ 3.437. The unusable fuel, whether or

not greater thau 5 percent of the fuel}.
tank capacity or one gallon (see § 3.440) |’

should be included in the empty weight,
If the unusable fuel supply is greate

than 5 percent or ome gallon, the fuel
quentity indicator should be marked in
accordance with the provisions of § 3.76%.

(b} Undrainable oil is defined as that
oil which remains in the system after
_Qraining oil from all aircraft components
ineluding the engine by means of the ofl
drains provided, with the aircraft in
ground attitude. :

(e} All fuel and oil weight in the air-
plane that is not measureable by the
gauges provided should be accounted for,
preferably in inclusion in the empt
weight. o
[Supp. 10, 16 F. R. 3283, Apr. 14, 1851]

§3.74 Mazimum weight. The max-
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(a) The weight selected by the appli«
cant.
. (h) The design weizght for which the
structure has been proven,
(¢) The maximum weight at which|
compliance with all of the requirements

specified is demonstrated, and shall not{

be less than the sum of the weights of
the following:

(1) The empty weight as defined by
§3.73. )

(2) One gallon of usable fuel (see
§3.437 for every seven maximum con-
tinuous horsepower for which the air-
plane-is certificated.

(3) The full oil capacity.

(4) 170 pounds in all seafs (mormal
ecategory) or 190 pounds in all seats
(utility and acrobatic category) unless
placarded otherwise,

§3.75 Minimum weight. The min-
imum weight shall not exceed the sum of
the weights of the following:

(a) The empty weight as defined by
§ 3.73. .

(b) The minimum crew necessary io
operate the airplane (170 pounds for
each crew member),

(¢} One gallon of usable fuel (see
§3.437) for every 12 maximum con-
tinuous horsepower for which the air-
plane is certificated.

(@) Either 1 gallon of oil for each
25 gallons of fuel specified in (e) or 1
galion of ofl for each 75 maximum con-
tinuous horsepower for which the air-
plane is certifleated, whichever is greater.

§3.76 Cenler of gravity position. If.
the center of gravity position under
any possible loading condition between
the maximum weight as specified in
§3.74 and the minimum weight as
specified in § 3.75 lies beyond (a) the
extremes selected by the applicant, or
‘() the extremes for which the structure
hag beer-proven, or (¢) the extremes for
which compliance with all functional re-
quirements were demonttrated, loading,
instructions shall be provided in the Ailr-
plane Flight Manual as specified in
§ 3.777-3.780.

£3.76-1 Center of gravily position
(CAA policies which apply fo §3.76).
(a) It is suggested that as wide a range
of c.-g. as practicable be investigated
(using ballast if necessary) in the flight
tests to provide for future changes in
empty weight e¢. g. without rerunning
tests or structural analysis.
~ (b) Where practicable, the.extreme
¢. g Dpositions should be investigated,
both in structural design and Alight tests
in combination with maximum weight
(using ballast if necessary) to make
loading instructions as simple as possible,
and also provide for future changes in
empty weight ¢. g. and useful load.

(¢) In cases where the permissible ¢. .,
positions vary with maximum weight, it
is suggested that a note be included in
the loading instruetion portion of the

ir, um weight shall not exceed any of the
follnwing: :

Airplane Flight Manual advising owners
o contact the airplane manufacturer fou.

 ments.

new loazdifig insttuctions when any:

‘change is made to the airplane which

would appréciably affect the location of
the empty weight ¢. g. or the useful load.
{8Supn, 10, 168 P. R. 8283, Apr. 14, 1851
PERFORMANCE REQUIREMENT
GENERAL

§ 3.80 Alternate performance require-
The provisions of §§3 84, 3.85,
3.86, and 3.112 ¢a) (2) (ii) shall not be
applicable to airplanes having a maxi-
mum certificated take-off weight of 6,000
pounds or less, In lieu thereof, such afr-

‘planes shall comply with the provisions

of §§ 3.84a, 3.85a, 3.87, and 3.112 (¢),

. {Amdt, 3-4, 15 F, R. 8000, Dee. 15, 1950]

§£3.81 Performance. The following
items of performance shall he deter-
mined and the airplane shall comply with
the corresponding requirements in
standard atmosphere and still air.

§3.82 .Definition of stalling speeds,
() Vs, denotes the true indicated stali-
ing speed, if obtainable, or the minimum
steady flisht speed at which the airplane

| is controllable, in miles per hour, with:

(1) Engines idling, throttles closed (or
not more than sufficient power for zero
thrust), .

. (2) Propellers in position normally
used for fake-off,
. {(3) Landing gear extended,

(4) Wing flaps in the landing position,

(5) Cowl flaps closed,

(6) Center of gravity in the most un-
favorable position within the allowable
landing range,

(7T} The weight of the airplane equal
to the weight in connection with which
Vs, is being used as a factor to determine
& required performance.

(b} Vs, denofes the true indicated
stalling speed, if obtainable, otherwise
the calculated value in miles per hour,
with:

(1) Engines idling, throttles closed (or
not more than sufficient power for zero
thrust),

(2) Propellers in position normally
used for take-off, the airplane in all
other respects (flaps, landing gear, ef¢.)
in the particular condition existing in
the particular test in connection with

_which Vs, is being used.

- (3) The weight of the airplane equal
to the weight in connection with which
Vs, is being used as a factor to determine

‘& required performance.

(¢} These speeds shall be-determined
by flicht tests using the procedure out-
lined in § 3.120.

§3.82-1 “Zero thrust” (CAA inter-
pretations which apply to § 3.82). As
used in §3.82 (a) (1) and (). (1) the
term ‘“zero thrust” contained in the
phrase “engines idling, throttles closed
(or not more than sufficient power for
zero thrust)” is interpreted to permit
“zero thrust at a speed not greater than
110 percent of the stalling speed.”
[Supp. 1, 12 F. R. 8434, May 28, 1547, as
amended by Amdt. 1, 14 F. R. 36, Jan. 5, 1849)



"~ tional degree of skill on the

‘certification of take-off performance and
.to provide the Airplane Flight Manual

_ATRPLANE AIRWORTHINESS;

§3.83 Stalling speed. Vs, at maxi-
mum weight shall not exceed 70 miles per
‘hour for (1) single-engine airplanes and:
(2) multiengine airplanes which do nét

have the rate of ciimb with critical en-3

gine inoperative specified In'§ 8.85 (b).
TAKE-OFF '

§3.84 Take-off. (a) The distance re-
gquired to take off arid climb over a 50-
foot obstacle shall be determined dnder;
the following conditions:

(1) Most unfavorable combination of
welght and center of gravity locatign,

(2) Engines operating within the ap-
proved limitations,

(3) Cowl flaps in the postion nor-
mally used for take-off.

() Upon cbtaining a height of 50 feet
‘above the level take-off surface, the air-
plane shall have attained a speed of not
less than 1.3 Vs, unless a lower speed of
not less than V: plus 5 can be shown tof
be szafe under all conditions, including
turbulence and complete engine failure,

(e} The distance so obialned, the type
of surface from which made, and the per-
tinent information with respeect to the
-cowl flap position, the use of flight-path
control devices and landing gear retrac-
‘tion system shall be entered in the Air-
plane Flight Manual. The take-off shall
‘be made in such a manner that its re-
‘production shall not reqguire an excep-
yvart of the,
pilot or exceptionally favorable condi-
‘tions.

§3.84-1 Take-off perfofmance (CAA

policies which apply to § 3:84). To meet]
‘the Tequirements of § 3.84 pertaining to

-performance data required in § 3.780 (&)
(3) and (4), the following procedure may,
'be used during official type tests:

(a) The ground and clirab distandes]

should be made up to speeds equal to or
greater than 1.3V.,.

Norz: (CAA camera equipment may be
obtained on a loan basis). N

o date, the test method outlined in para-
graph (a) of this section has given the
desired accuracy of results. It also pro-
vides suitable means for showing the
approximate calculated effect of temper-
ature and amtude upon climb (up to
7,000 feet).

Nore: It ts. permiesible for other methods
‘to be used in accomplishing these tests, pro-

{ viding that any method wused is one which:

the aversge pilot may be reasonably expected
to duplicate without use of unusual skill or
experience, and one which produces equiva-
lent accuracy.,  ‘The operating procedure
which must ‘be followed to achieve the meas-
ured performance should in all cases be
deseribed In the Alrplane Flight Manual.

(¢) The take-off and elimb require-.
ments of §§3.84 and 3.85 were written
to assure the airplane’s ability to clear.
obstacles in- the vicinity of the airport.
-Consequently, the wing flap used for the.
.airborne portion ‘of the takeoff to. the
850-foot height  should not exceed that
used for the “normal climb condition” of
§3.85 (a). However, if the applicant so
desires, he may enter additional take-cff
data in the Afrplane Flight Manual in,
‘which the fap setting specified in § 3.84
or £385 (a) has been exceeded, pro-
vided the portion of the flight path be-
yond the 50-foot point which will cover
the transition to normal climb configura-
tion of § 3.85 (a), is also included.

[Supp. 10, 16 F. R. 3283, Apr. 14, 1951]

§3.84-2 Measurement of seaplone
take-off distances (CAA interpretations
which apply o § 3.84 (@)). 'The stand-
ard starting point for the measurement
of seaplane take-off distances may be
assumed to be the point at which the
seaplane has attained an initial speed of
three miles per hour during take-off,

.may be determined separately and thej s, 10, 16 7. R. 283, Apr. 18, 1951]

‘corrected data pieced together (as 'is.
.now dvhe in the transport catégory).l

§3.84-3 Take-off speed (CAA inter-

‘Thus, for the simplest procedure, the]r'pretations which apply to §3.84 (b)).

alrplane would be accejerated on (or
near} the ground with gear extended toi
a speed not less than 1.3V.,, and a climbi
segment to the 50-foot height point With.
gear extended would be determined by}
saw-tooth climb data. If if is desired

to assume retraction of the landing geary|
at an earlier point, such point should beifplanes of 6,000 Ibs, or less.

assumed to occur not earlier than that
‘which would be used ir: normal take-offs.
The acceleration to 1.3V, should ther
be measured as above, with gear refrac-

‘tion being initiated at the selected speed.|-

If gear retraction is completed before
reaching 1.3Vs,, only one climb segment,
. with gear retracted, need be determined.
'If retraction is not completed during ac-
‘geleration to 1.3V:,, two climb segments
should be determined; one with gear
-extended for the time period necessary
to complete retraction; the second with
gear retracted. The acceleration seg=|

1.3XVs, or Ve+5 speed should be used
for take-off even if throttling back is
necessary to prevent excedding r. p. m.
limits, ‘

[[Supp. 10, 16 F. R."3288, Apr. 14, 1951]

§3.84a Take-off requirements; air-
Airplanes
having a maximum certificated, ta.ke-oﬂ

'welght of 6,000 1bs. or less-shall comply
with the provisicns of this sestion, -

(a) The elevator control for tail wheel
1yDpe alrplanes shall be sufficient to. main-
tain at a speed equal fo 0.8 V: an air-
blane attitude which will pem-ut ho]pmg
the sirplane on the runway untit a! safe
take-off speed is attained,

{(b) The elevator control for nose
-wheel type airplanes shall be safficient to
Taise the nose wheel clear of the take-
‘off surface at 2 speed equal to 0.85 Va,.

.yhent should be determined photograph-
feally, and & minimum of three trials

(c) The characteristics presciibed in
paragraphs (a) and (b) of this section

(b) Based upon the CAA’s experience '
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shall be demonstrated with:
(1} Take-off power, (2) most - un-.

| tavorable weight, (3) most urifavorable
©. g. position.

(@) It shall be demonstrated that the
-airplane will take off safely without re-
quiring an exceptional degree of piloting

.skill.

[An‘xdt 34, 15 F.R. 8900, Dec. 15, 1950]
CLIMB

§3.85 Climb—(a) Normal climb con-
dition. The steady rate of climb at
sea level shall be at least 300 feet per
‘minute, and the steady angle of climhb
at-Ieast 1:12 for landplanes or 1:15 for,
seaplanes with:

(1) Not more than maximum contin-
uous power on all engines,

¢(2) Landing gear fully retracted

(3) Wing flaps in take-off position,

(4) Cowl flaps in the position used In
cooling tests speclﬂed in §§ 3.581-3.596/

(0} CHMb. with inoperative engine,
All multiengine airplanes having a stall-
ing speed Vs, greater than 70 miles per

- hour or a maximum weight greater than

6,000 pounds shall have a steady rate of

climb of at least 0.02 Ve in feet per
- minute at an altitude of 5,000 feet with

the critical engine inoperative and:

(1) The remaining engines operating
at not more than maximum continuous
power,

(2) The inoperative propeller in the
minimum drag position,

(3) Landing gear retracted,

(4) Wing flaps in the most favorable
position,

(5) Cowl flaps in the position used in,
cooling tesis specified in §§ 3.581-3.596.

(¢) Baiked landing conditions. The;
steady angle of climb at zea level shall
be at least 1:30 with:

(1) Take-off power on a,ll engines,

(2) Landing gear exfended,

(3) Wing flaps in landing position.
1f rapid retraction is possible with safety:
without loss of altitude and without re-
guiring sudden changes of angle of attack
or exceptional skill on the part of the

pilot, wing flaps may be refracted.

. §3.85-1 Rate of climb (CAA polzcies
which apply to §3.85). To meet the
requirements of § 3.85 it is necessary that

}a suitable method be employed for the

purpose of determining the rates of
climb., The Administrator will accept
the following procedure for this purpose:
This method of obtaining rates of
climb is through the derivation of a polar
eurve obtained from a serigs of saw-
 tooth climbs at various speeds, When
'saw-tooth climbs are employed, a mini-
- mum of five different speeds is required.
However, demonstration climbs to prove
the article meets the minimum climb
requirement. may he made at one given
-air speed. In such cases, the minimum
‘humber of climbs at one air speed shall
be not less than three. This may not be
interpreted to mean the best three of a

number of climbs. In the event addi-
tional climbs are made the average of
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the total shall be the value to be accepied,
It shall be permissible, however, -to dis-
card any climbs which are obviously in
grror due to such factors as turbulent
-air.

[8Bupp. 1, 12 F. R. 3434, May 28, 1947, as
smended by Amdt, 1, 14 F. R. 36, Jan, 5,
1949]

§3.85-2 “Normal climb” and “cooling
test procedure for single-engine gir-
planes’ (CAA interpretations which ap~
Ply to §3.85). In connection with any
application to have an aircraft certified
for airworthiness under a combination.
‘of the requirements of this part and
Part 4a of this subchapter as authotized.
by the provisions of § 3.2, the items ol
“normal clinb” (§ 3.85-(a)  and “cooling’
test procedure for single-engine air-
planes” {§ 3.586), shall be construed by
the Administrator as “related items.”
[Supp. 1, 12 F. R. 8435, May 28, 1947, as

amended by Amdt. 1, 14 F. B. 86, Jan, 5,
18487 )
$ 3.85-3 “Rapid retraction” (CAA in-} ~

terpretations which -apply to §3.85).
The Administrator will consider retrac-
tion of flaps in 2 seconds or less as
compliance with the factor of “rapl
retraction” as that phrase is used In
§3.85 ().

‘[Supp. 1, 12 F. R. 8485, May 28, 1947, as
gmended by Amdt. 1, 14 F. R, 36, Jan. 5,
1949)

§3.85-4 Weight for items of pe’r-
formance and flight
(CAA interpretations which opply to
§ 3.85). For multiengine airplanes in
which the design landing weight
-(§ 3.242) i3 less than the maximum
weight (& 3.74)} for which certification
is desired, the weight for items of per-
formance and flight characteristics shall
be construed hy the Administrator as the
maximum = weight deflned in.. §3.74.
Such items of performance and flight
characteristics - shall eonsist of balked
landing (climb} conditions (§3.74),
landing over .50-foot obstacles (§ 3.86),
‘and all, flight characteristics tests in thej}
Janding conflguration. The desigmng
welght covered in § 3.242 is intended for]
‘use for structural design purposes on‘.ly.;
‘[8upp. 1, 12 F. R. 3435, May 28, 1947,
amended by Amds 1, 14 F. R, 86, Jan B,
1948]

§ 3.85-5 . Low-pitch propeller setting
in normal climb position (CAA inter-
‘pretations which apply to.§ 3.85 @)
. (a) In the event an airplaxehas:

(1) An engine for which the take-oﬂ
-and maximum continuous power ratings
are identical, and

(2) A fixed-pitch, *Wo-pomtion or sun-
ilar type propeller, .
then the.regulations provide. that the'
hest-rate of climb speed specified in
$ 3.85 (a) for normal climb. shiguld bey
determined with the low-pitch propeller
setting which would restrain the engifle
to dan r. p. m. at full throttle not exceed-
ing its permissible take-off r, p. m. (see,
§3.419 (a)).

characteristicsl

es |-at least 0.02 V:," in feet per minute at an

' ing engines operating at not more than
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. '(h) A relaxation of the propeller pitch
‘setting requirement stipulated by § 3.419
(a) may be granted, however, for an
airplane falling into the foregoing clas-
sification, when it shows a marginal item

of performance as, for example, when 16§
can meet the rate of climb requirementf.

of §3.85 (a) for normal climb, but may
have dificulty in meeting the angle of]
¢limb requirements of § 3.85 (a) for nor-|
mal climb and/or §3.85 (e) for balked;
‘landing. In this case, it will be permis-
gible to use & lower propelier pitch
setting than specified in §3.419 (a), in
order to obtain rated engine r. p. m, at,
‘the best angle of climb speed: Provided,
Acceptable engine cooling can be demon-

with the best angle of climb. In employ-1,
ing this procedure, consideration should
also be given to the following:

1) That the best angle of climb speed
for the balked landing condition may be
considerably.lower than the best angle
of elimb speed for the normal cllmb
condition.

'(2) That as a. result of subpa.ragraph ’

-(1) of this paragraph, the engine would
normally have to be part throttled to
avoid exceeding rated r. p. m, at the
higher speeds, and would therefore de-
velop less than rated power for show-
ing compliance with the normal climb
and take-off requirements of §§ 3.85 (a)-
and 3.84, respectively.

[Supp. 10,-16 F. R. 3283, Apr. 14, 1851]

§ 3.835a - Climb .requirements;
planes of 6,000 Ibs. or less.
having a maximum certificated take-off
weight of 6,600 1bs, or less shall comply
with the. requirements pf this seetion. -

{(a) Climb; take-off climb condition.
The steady rate of clirah at sea level shallf
not ‘he Jess*than 10 Vi, Jor¥ 300 feet per
minute, whichever i3 the greater, with:)
(1) Take-off power, -(2) landing gear ex-!
tended, (3) wifig faps in take-off posi-|
tion, (4% cowl flaps in the position used:
in cooling tests spetified in §§ 3.581/
through 3.596.

(b) Climb with inoperatwe engine.;
All multiengine airplanes havine a stal

air-

ing speed Vs, greater than 0 miles per]

hour shall have a steady rate of climb of

altitude of 5,000 feet with the eritical
engine inoperative-and: (1) The remain-

maximum continuous power, (2) the in-
operative propeller in the minimum drag
position, (3) landing gear refracted,. (4)
wing flaps in the most favorable position,
(5) cowl flaps in the position used in
\coc;}hng tests speclﬂed in §§ 3.581 through
3.696 .

(¢) C’l:m‘b balked landing condi-
tioms, 'The steady rate of climb at sea

level shall not be less than 5 Ve, or 200}

feet per minute, whichever is the greater,
with: (1) Take-off power, (2) landing
gear extended, (3) wing flaps in the
landing position. If rapid retraction is
possible with safety, without loss of alti-

Airplanesy.

tude and without ~requiring sydden

changes of angle of attack or exceptio'nali'

skill on the part of the pilot, wing ﬂaps
‘may be refracted. ;
[4mdt. 8-4, 15 F. R. 8800, Dec. 16, 19507

LANDING

$3.86 Landing. (a) The horizontal
‘distance required to land and to come to
a complete stop (to a speed of approxi-
‘mateély 2 miles per hour for seaplanes or
float planes) from 2 point at a height of
50 feet above the landing surface shall
‘be determined as follows:

(1) Tmmediately prior to reaching the '

50-foot sltitude, a steadx gliding ap-
proach shall have been maintained, with
a true indicated air speed of 4t least

strated at the lower speed associated 1.3V

(2) The landing shall be made in such’
I'a manner that there is no excessive ver-
tical acceleration, ne tendency to bounce,
nose over, ground loop, porpoise, or

water loop, and in such & manner that -

its reproduction shall not require any
exceptional degree of skill on the part of
 the pilot or exceptmnally favorable con-
. ditions.

{b) The distarice 50 obtained, the type
of landing surface on which made and
the pertinent information with respect
to cow! flap position, and the use of flight
path control devices shall be entered in
the Airplane Flight Manual.

§ 3.86-1 - Landing distances (CAA pol-
icies ‘which' apply to § 3.86). - The Ad-

4 ministrator will not approve the use of
landing distances obtainable with re-"

verse-thrust propellers in establishing
landing field lengths until such time as
sufficient experience with their use is
available for proper consideration of all

 related factors involved in the establish~

ment of adequate airport lengths for
routine landings, )

[Supp. 1, 12 . R. 3487, Ma.y 28, 1947, ag
amended by Amdt. 1, 14 F. R. 86, Jan. b,
1949] :

§3.86-2 Use of camera eguiprient
(CAA policies which apply fo § 3.86).
The landing distance should be deter-

4 mined photographically. CAA . camera

equipment is available on a loan basis.
[Supp. 10, 16 F. R. 3284, Apr: 14, 19517 - .

§3.87 Landing requirements; qir=
planes of 6,000 lbs, or less. For an air-
plane having a maximum certificated
take-off weight of 6,000 Ibs, or less it shall
be demonstrated that the airplane can
be safely landed and brought to a stop
without requiring an exceptinnal degree
of piloting skill, and without excessive
vertical acceleration, tendency to hounce.
nose over, ground loop, porpoise or wa.ter
loop. .

[Amdt. 3-4, 15 F. R. 8900, Dec, 15, 1060

FLIGHT Cm.nAmkIsncs

§3.105  Requirements. - The alrplane
shall meet the requirements set forth in
§§ 3.106 to 3.124 at all normally expected
operating altitudes under all. eritical
loading conditions within the range of
center of gravity-and, except as other-
‘wise specified, at the maximum we1ght
‘for which certification is sought.



AIRPLANE AIRWORTHINESS;

CONTROLLABILITY

$3.106 General. The airplane sha
be satisfactorily controllable and ma-,
neuverable during take-off, climh, levell
flizht, dive, and landing with or without:
power, It shall be possible to make al
smooth transition from one flighit condi-l
tion to another, including turns and.
&lips, without requiring an exceptionak
degree of skill, alertness, or strength on.
the part of the pilot,.and without danger
of exceeding the.limit Ioad factor under
all conditions of operation probable for
the type, including for multiengine air-|

‘planes those conditions normally en«|

countered in the event of sudden fail-'
ure of any engine; Compliance with;
“strength of pilots” limits need not be
demonstrated by quantitative tests un-
less the Administrator finds the condi-j
tion:to be marginal..  In the latter case
they .shall not exceed maximum values
found by the Administrator to be ap-

propriate for the type but in no case|

shall they exceed the followmg limits:

Pitch | Roll | Yaw
J
(a) For teraporary apphcatlon '
Sticl k 60 30 1504 1
75 56 1
(b) For prolonged spphcatmn-- 10, 51 %
}

1 Applied to rim.

§3 107-10 Approved acrobatzc maneu-
wers. It shall be demonstrated that the
approved  acrobatic maneuvers can hej
performed - safely. Safe entry speeds:
shall be determined for these maneuvers.

3 3. 108-A Acrobatic maneuvers. Tt
'shall be demonstrated that acrobatic
manetvers can he performed readily and

safely. Safe entry speeds shall be deter-
mined for these maneuvers.

-§3. 109 'Longitudinal control. The air-
plane shall bé demonstrated to comply
with the following requirements:

(a) It shall be possible at all speeds
.below V= to pitch the nose downward so
‘that the rate of inicrease in air speed is
satisfactory for prompt acceleration to
Ve with: )

(1) Maximum ccntmuous power on all
engines, the airplane trimmed at Vz.

(2) Power off, airplanes of more than
6,000 pounds maximum weight trimmed
at 1.4 Vs, and airplanes of 6,000, pounds
or less maxunum weight trimmed at 1.5
Vxl- )

3 O Wing . fla.ps and Ia.mimg gear
‘extended and |
© (i) Wing flaps and la.ndmg gear Te~
tracte )

* (b) ‘During each of the controllamhty
demonstratmns outlined below it shali
.not reguire a change in the trim control
;or the exertion of more econtrolforee than
'ean be readily applied with one hand for
a short period. Each maneuver shall be
performed with the landmg gear ex-
tended. N

(1} With power off, faps retracted
and the ajrplane trimmed as prescribed

'} flaps sHall be extenddd as rapidly ad Pos-
| sible while maintaining the air speed at
~approximately 40 percent above the in-|

i} and the airplane {rimmed as prescribed

.istics being encountered. This shall be!

in paragraph (a) (2) of this section, the

stantaneous value of the stalling speed.
(2)  Same as-subparagraph (1) of this

' paragraph, except the flaps shall be ini-{-
‘tially extended and theairplane trimmed

as prescribed in paragraph (a) (2) of4
this section, then the Haps shall be re-
tracted as rapidly as possible. -

(3) Same as subparagraph (2) of this
paragraph, except maximum continuous
‘power shall be used.

(4) With power off, the flaps re-
tracted, and the airplane trimmed as
preseribed in paragraph (a) (2) of this
section, take-off power shall be applied
auickly while the same air speed is main~
tained.

(5) Same as subparagraph (4} of this

‘paragraph, except with the flaps ex-}

tended. |
(6) With power off, ﬂaps extended,

In paragraph (a) (2) of this section, gir
speeds within the range of 1.1 Vs, to
1.7 Vs, or ¥y, whichever is the lesser, shall
be obtained and maintained.

(¢) Tt shall be possible without the use
of exceptiona] piloting skill to maintain
essentially level fight when flap retrae-
tion from any position is initiated dur-
ing steady horizontal flight at 1.1 Vs,
with simultanemis application of not
more than maximum continuous power.
[Amdt. 03-0, 11 F. R. 13370, Nov. 9, 1946,
as gmended by Amdt. 3-7, 17 F, R. 1086, Feb,
5, 1952)

§3.110 Zateral end directional con-
tral. “(a) Ii shall be possible with multi-
engine airplanes to execute 15-degree
banked turns both with and against the
inoperative engine from steady climb at
1.4 Vs, or Vy for the condition with:

(1) Maximum coniinuous power on1
the operating engines,

(2) Rearmost center of grawty,

(3) (i) Landing gear retracted and

(i) Landing gear extended.

(4) Wing flaps in most favorable chmb

position, .

(5) Maximura weight,

(6) The inoperative propeller in its
minimum drag condition.
" (b) It shall be possible with multi-
engine airplanes, while holding the wings,

1evel laterally within 5 degrees, to execute §-

sudden changes in heading in both di-
rections without dangerous character-

demonstrated at 1.4 Vs, or ¥y up to head—
ing changes of 15 degmes except that the
'heading change at which the rudder
‘force correspends to that specified in
i§ 3,108 need not be exceeded, with: r

(1) The critical engine inoperative,

(2) Maximum continuous power on
the operating engine(s),

(3) (i) Landing gear retracted and

(ii) Landing gear extended,

(4> Wing flaps in the most favorable

NORMAL, UTILITY, AND ACROBA‘!’IC CATEGORIES
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"(5) The inoperative propeller in its
minhimum drag condition,

(6) The airplane center of gravity at
‘its rearmost position.

§3.111 Minimum comntrol sneed
(Vme). . (a)} A minimum speed shall be
determined under the conditions speci-
fled below, such that when any one
engine is suddenly made inoperative at
that speed, it shall be possible to recover
.control  of the airplane, with the onec
‘engine still inoperative, and to maintain
it in straight flight at that speed, either
with zeroyaw or, at the opt.lon of the ap-
plicant, with a ban.k not in excess of 5
degrees. Such speed shall not exceed
‘1.3 Vul, Wlth

(1) Take-off or maximum available
power on all engines, ’

(2) Rearmost center of gravity,

(3) PFlaps ih take-off position,

(4) Landing gear retracted.

(b) In demonstrating this minitum
speed, the rudder force required to main-
tain it shall not exceed forces specified in -
§3.106, nor shall it be necessary to
throttle the remaining engines. During
recovery the airplane shall not assume’
any dangerous attitude, nor shall it re--
quire. exeeptional skill, strength, or
alertness on the part of the pxlot to pre-
vent a change of heading in excess of.
20 degrees before recovery is complete. -

TREM

§ 3.112 Requirements. (a) The means
used for trinuming the airplane shall be
such that, after being trimmed and with-
out further pressure upon or movement
of either the primary control or its cor-.
responding trim. control by the pilot or
the autcmatic pilot, the airplane will
maintain:

(1) Iateral and directional trim in
‘level flight at a speed of 0.9 Vr or at Ve,
if lower, with the landing gear and wing
flaps retracted;

(2) Longitudinal trim under the fol-
lowing conditions:

(i) During = climb with maximum
¥ continucus power at a speed between Vz
and 1.4 Vs,,

(@) With landing gear retracted and
wing flaps retracted,

(b) With landing gear retracted and
wing faps in the take-off position.
(i) During a glide with power off at &’

speed not in excess of 1,4 Vs,

(@) With landing gear extended and
wing flaps retracted,

(b} With landing gear extended and
wing flaps extended under the forward
center of gravity positich approved with.
the maximum authorized weight.

{¢) With landing gear extended and
wing flaps extended under the maost for-
ward center of gravity position approved,
L regardiess of weight.

(iii) During level flight at any speed
from 0.9 Vi to Vz or 1.4 Vy, with landing

climb positian,

‘gear and wing flaps retracted.
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(b) In addition to the above, multi<
engine airplanes shall maintain Iongi-
tudinal and directional trim at a speed
between Vy and 1.4 V., during climbing
Right with the critical of two or more
‘engines inoperative, with:

(1) The other engine(s) opera.tung at.
maximum continuous power,

(2) The landing gear retracted,

(3) Wing flaps retracted,

(4) Bank not in excess of 5 degrees.

certificated take-off weight of 6,000 lbs,
or less, the value specified in paragraph
(a) (2) (ii) of this section shall be 1.5
Vs, -or, if the stalling speed Vs, is not ob-
tainable in the particular configuration,
1.5 times the minimum steady Aight
speed at which the airplane is control-
lable.

[Amdt. 03-0, 11 F. R. 13370, Nov. 9, 1948, as
amended by Amdt. 3-4, 15 F. R, 8900, Dec.
15, 1950]

§ 3.112-1 Trim during a glzde (CAA
policies which apply to § 3.112). The

following performance standards will be}

used for the purpose of admmlstenng
§3.112 (@) (2) (b

. (a) In the case of new airplane de-
signs which, due to their being equipped
with high lift devices, cannot meet the
required trim at 1.4 times stall speed
with -the landing gear and flaps ex-
tended, the Administrator, as authorized
in §3.1, will accept, as hbeing of
equivalent safety, performance with the
flaps extended hased on the following
standards:

(1) The flap-down power-off stalling
speed shall not exceed 90 percent of the
flap-retracted power-off- stalling speed.

(2) The minimum trim speed with
power off, flaps and landing gear ex-
tended, under the forward center of
gravity position approved with the maxi-
mum authorized weight, and under the
most forward center of gravity position
approved, regardless of weight, shall not
exceed 1.5 times the stall speed for that
configuration.

(3) The force reguired to maintain
‘steady flight in this configuration at 1.4
Vs,, shall net exeeed 10 pounds,

(4) Tt shall be possible, trimmed in
this configuration, to execute a normal |
power-off landing without exceeding a
stick force of 40 pounds.

(5) It shall be possible, with the stick
free, to reduce the rate of descent to zero
and simultaneously bring the airplane to
an attitude suitable for landingz, using
not more than maximum continuous
power. During this demonstration the
flaps-extended speed shall not be ex-
ceeded,

(b) When the standards set forth|

above are relied upcen to determine com-
pliance with § 3.112, the-Administrator
will accept as equivalent safety a dem-
onstration of the following items at

1.5 times stall speed instead of 1.4}

times stall speed:
Longitudinal control (§ 3.109 (a) and
(b} (2),(5), and (6)).
Spemﬁuondltlons (§2.115 (a)).

CIVIL AERONAUTICS. MANUAL 3

(a) (2 (i) or that of the alternate
{b) of thLis section should be met in full;
no interpolation between the 1.4 V., and
1.5 Vs, (for cases where the 90 percent |

For example, an airplane whose flaps-

demonstrated minimurm trim at 1.45 Vs,,

'requiremment in § 3.112 (a) (2) ().

Supp. 10, 16 F. R. 3284, Apr. 14, 1951]
STABILITY
§ 3.113 General,

erally stable in acgordance with the fol-
lowing sections. "Suitable stability and
‘control “feel> (sta,t‘lc stablhty) shall ‘be
required in ether' coniditions normally .
encountered  in service, if fight tests
show such stability to be necessary fér
safe operation.

§ 3.114 Static longitudinal stabz‘zity.
In the configurations outlined in § 3.115
and with the airplane trimmed as indi-
cated, the characteristics of the elevator

control system shall be such that:

(a) A pull shall be required to cbiain
and maintain speeds below the specified
trim speed and a push .to obtain and
maintain speeds above the specified trim
speed. . This shall be so at any speed
which can be obtained without excessive
contro! force, except that such speeds
need not be greater than the appropriate
meaximum pefmissible speed or less than
the minimum speed in steady unstalled
flight.

(b) The air speed shall  return to
within 10 percent of the criginal trim
speed when the control foree is slowly
released from any speed within the lim-
its defined in paragraph (a) of this sec-
tion, ’

§3.115 Specific conditions. In con-
ditions set forth in this section, within
the speeds specified, the stable slope of
stick force versus speed curve shall be
such that any substantial change in
speed is clearly perceptible to the pilot
through a resulting change in stwk
‘Torce,

(a) Landing. 'I‘he stick. force curve
shall have a stable slope and the stick
force shall not exceed 40 lbs. at any
speed between 1.1 V5, and 1.8 Vs, with:

(1) Wing flaps in the landing position,
. (2) The landing gear extended,

" (3) Maximum weight,

(4) Throttles closed on all engines, .

(5) Airplanes of more than 6,000
pounds maximum weight trimmed at 1.4
Vs, and-ai¥planes of 6,000 pounds or legs
maximum weight frimmed at 1.5 Vs,.

() Climb. The stick foree curve
shall have a stable slope at all speeds be-
tween 1.2 Vs, and 1.6 V,, with:

P (1) Wing ﬂa_,_ps retracted,

(¢) - Either the requirement of § 3.112 |

method outlined in paragraphs (a) and {

factor cannot be met) may be permitted. | -

{down stall speed is 95 percent of flaps-up:
#stall speed is not to be permitted tol

Jbut should comply with the or1gina.1 3

(¢) For aireraft having s maximum.} .
g T |Supp. 1, 12 F. R. 9485, May 28, 1947, as|
'} amended by Amdt. 1, 14 F. R. 86, Jan. 5, 1849; "

The afrplane shall §
be longitudinally, directionally, and lat-

.eontrol forces and the friction within the!

b

(2) Landing gear retracted,

(3) Maximum weight,
~ (4) 75 percent of maximum contmu-
ous power, |

-{8) The alrplane trimmed at 1.4 Ve

(¢) Cruising. (1) Between 13 Vs,
and the maximum permissible speed, the
stick foree curve shall have a stable slope

.at all speeds obtainable with a stick
force not in excess of 40 pounds with:-

(i) Landing gear retracted,

(i) Wing Haps retracted,

(i) Maximum weight,

(iv)' 75 percent of maximum -con-
tinuous power,

(v) The airplane trimmed for level
flicht with 75 percent of the maximum
continuous power.

(2) Same as subparagraph (1) of this |

paragraph, except that the landing gear
shall be extended .and the level fhght
trim speed need not be exceeded,

‘[Amdt. 03-0, 11 . R. 13370, Nov. 9, 1948, ea
amended by Amdt. 8-7, 17 F. R. 1086, Feb. 5,

1962]

§3.118 Instrumented stick force
measurements. Instrumented stieck

" force measurements need not be made

when changes in speed are clearly. _ne-
flected by changes in stick forces and
maximum forces obtained in the a.bove
conditions are not excessive. ’

' $3.117 Dynamic longitudinal stabil-
ify. Any short period oscillation oceur-
ring between stalling speed and maxi-
mum permissible speed shall be heavily
damped with the primary controls (1
free, and (2) in a fixed position.

. -$3,118.. Directional end lateral sta-
bility—(a)  Three-confrol
(1} The static directional stability, as
shown by the tendency to recover from a
skid with rudder free, shall be positive
for all flap positions and symmetrical
power conditions, and for all speeds
from 1.2 Vs, up to the maximum per-
missible speed.

(2) The ‘static lateral stability as.

shown by the tendency to raise the low

wing in a sideslip, for all flap positions.

and symmetrical power conditions, shall:

(i) Be positive at the maximum per-
missible speed.

(i) Mot be nega.twe at a speed equa.l

"t0 1.2 Vs,

(3) In straight steady sideslips (un-
accelerated forward slips), the aileron
and rudder control movements and
forces shall increase steadily, but not
necessarily in constant proportion, as the

.angle of sideslip is increased; the rate of

increase of the movements and forces

shall lie hetween satisfactory limits up
to.sideslip angles considered appropriate

to the operation cf the type. At greater
angles, up to that at which the full rud-

‘der control is employed or a rudder pedal

force of 150 pounds is obtained, the rud-
der pedal forces shall not reverse and in-

creased rudder defiection shall produce.
Suflicient’

increased angles of sideslip.
bank shall accompany sideslipping to in-
dicate adequately any departure from
steady unyawed fight.

airplenes. .



- planes.

ATRPLANE AIRWORTH INESS;

{4) Any short-period 6scillation occiir-
ring between stalling speed and maxi-
mum permissible speed shall be heavily
damped with the primary controls (i)
free and (ii) in a fixed position.

(b) Two-conirol (or simplified) alr-
(1) The directonal stabilityf.
shall be shown to be adequate by demon-
strating that the airplane in all con-
figurations can be rapidly rolled from
a 45-cdegree bank to & 45-degree bank in
the opposite direction without exhikiting
dangerous skidding characteristics.

(2) Lateral stability shall be shown tol

be adequate by demonstrating that the
airplane wilbnot assume 2, dangerous at-
titude or speed when all the controls are
abandoned for a period of 2 minutes.
This demonstration shall be made in
moderately smoocth air with the airplane
trimmed for siraight level flight at 0.9
Va (or at Ve, if lower), fiaps and gear re-
tracted, and with rearward center of
gravity loading.

(3} Any chort period oscillation oc-
curring between the stalling speed and

. the maximum permissible speed shall be

3

speeds above Vp.

"deflection decreases at a faster rate.

heavily damped with the primary con-

frols (i) free and (it} in & fixed posi-

tion.
§8.118-1 Test conditions (CAA poli~
cles which apply to § 3.118 (@) (3)).

The tests made necessary in § 3.118 (a)

(3) may be conducted at speeds up to 1.2
times stall speed, flaps up and down, and’
with power up to 75 percent of maximum
continuous rating.,

[Supp. 1, 12 F* R.. 3435, May 28, 1947, as
amended by Amgt. 1, 14 F, R. 38, Jan. 5,
1948]

§3.118-2 Large -displecements of
Right controls in directional and lateral
stability tests (CAA policies which apply
to §3.118). (a) In performing Right
tests to determine compliance with
§ 3.118, it should be borne in mind that

the airplane structural requirements do

not provide for large displacements of
the flight controls at high speeds. Fuil
application of rudder and aileron con-
trols should be confined to speeds below
the design maneuvering speed Vy The!

following rules ({approximations) will

serve as a guide for the maximum per-
missible control surface deflections at;
(This does not imply
that these maximum deflections must be
used in the tests at high speeds).

(1) The permissible rudder angle de-
creases approximately according to the
ratio (Vp/V)?, where V is the speed of

the test.

{2) The permissible aileron deflection
decreases approximately at the ratig
(Vp/17), up to the design cruising speed,‘
Ve. Above Ve, the permissible aileron

th) Thus, in a typical case, assuming
Vr is 141 mph, Ve is 200 mph, and Vaz

1s 250 mph: v, Vs
Permissible rudder deflectlion__ 60% 82% 7
Permissible aileron deflection.. 70% 32

where 100 percent is the deflection obtam-
able at V. .

{c) Control movements should bei

|directional control up until the time the

1 without producing excessive yaw up un-

made smoothly and sudden reversalsl
avoided.

'{Supp. 10, 16 F. R, 3284, Apr. 14, 1851]

[

§ 3.118-3 Flight tests for adverse con-]
‘trol force reversal or control locking
(CA4 policies which apply to § 3.118 (a)}
(3)). (a) Tests should be conducted in}
all critical configurations, weights and;
¢. g. positions from power off to 75 per-
cent M. C. P. for the following speeds}

.more critical:

(1) Normal category
‘pounds: 1.2V,

(ii) Under 4,000 pounds: All speeds]
from 1.2V, down to. the lowest speed
attainable in steady unstalled flight.

(2) Utitity and acrobatic categories
(regardless of weight). Same as sub=
paragrapht. (1) (if) of this paragraph.

. (B) Ve, is the stalling speed in the
critical conflguration as defined in
:§3.82 (b),

{¢) The rear c. g. is usually eritical
- for these tests.-
[Supp. 10, 16 F. B. 3284, Apr, 14, 1951]

STALLS

§3120 Stalling demonsiration. (a) |
Stalls shall be demonstrated under two |
conditions:

(1) With power off, a.nd

{2} With a power setting of not less
than that required to show compliance
with the provisions of §3.85 (a) for:
airplanes of more than 6,000 poundsi
maximum weight, or with 90 percent of |
maximum continuous power for air-.
planes of 6,000 pou.nds or less maximum
weight.

(b) In either condition required by
paragraph (a) -of this section it shall be
possible, with flaps and landing gear in
any position, with certer of gravity in.
the position least favorable for recovery,
and with appropriate airplane weights,’
-to show compliance with the applicable
requirements of paragraphs (c) t.hrough
(f) of this section.

(¢) For airplanes having independ-

) Over 4.000'

controls, it shall be possible to produce
and to correct roll by unreversed use
of the rolling control and to produce'
and correct yaw by unreversed use of the

airplane pitches in the maneuver pre-
seribed in paragraph (g) of this section,

(d) For two-control airplanes having
either interconnected lateral and direc-
tional controls or for airplanes havmgt
only ene of these controls, it shall be pos-!
-sible to produce and to correct roll by
~unreversed use -of the rolling control

il the time the airplane pitches in the
maneuver prescribed in paragraph (2)
.of this seclion.

(e} During the recovery portion of
the maneuver, it shall be possible .ta
\ prevent more than 15 degrees roli or yaw
by the normal use of controls, and ahy

, loss of altitude in excess of 100 feet or
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.and any higher speeds if considered o

ently controlled rolling and directional }

'13.

level shall be entered in the Airplane

| Flight Manusl.

{f) A clear and distinctive stall wam— ’
ing shall precede the stalling of the air-:
plane, with the flaps and landing gear
in any position, both in straight and;
‘turning flight. The stall warning shall
‘begin at a speed exceeding that of stall--
ing by not less than 5 but not more than -
10 miles per hour and shall continue un-
til the stall occurs. :

(g) In demonstrating the qualities re-
quired by pardgraphs (¢) through ({) of
this section, the procedure set forth in:
subparagraphs (1) and (2) of this para-
graph shall be followed.

(1) With trim controls adjusted for:

rst:raal.igm: flight at 4 speed of approxi-:

mately 1.4 Vs, for airplanes of more than
6,000 pounds maximum weight, or ap-
proximately 1.5 Vs, for airplanes of 6,000°
pounds or less maximum weight,
speed shall be reduced by means of the
-elevator control until the speed is slightly:
above the stalling speed; then

(2) The elevator control shall be
pulled back at a rate such that the air-

I plane speed reduction does not exceed 1
4 mile per hour per second until & stall is.

produced 25 evidenced by an uncontroll-
able downward piteching motion ‘of .the
1 sirplane, or until the control reaches the'
stop.,  Normal use of the elevator contyrol:
for recovery shall be allowed after such
pitching motion. has unm:sta;kably de-~ .
-weloped.
[Amdt. 3-¢, 15 F. R. 8800, Dec, 15, 1950, ax
amended by Amdt. 3-8, 16 F. R. 5434, June 8,
1951; Amdt. 3-7, 17 P. R. 1088, Feb, 5, 1852].
§3.120-1 Measuring loss of alfitude
during stall (CAA policies which apply o
§3.120). To meet the requirements of
§ 3.120, pertaining to. the maximum loss
of altitude permitted during the stall, it
is necessary that a suitable method be’
sed for the prrpose of mesasuring such
-loss during the investigation of stalls.
Tnless special features of an individual
type being investizated render the follow-
ing instructions inapplicable, the pro-
‘cedure described shall be used for this
‘purpose:
{a) The standard proecedure for ap-

' proaching a stall shall be used a5 speci-

fied in § 3.120.

(b} The loss of altitude ehcountered
in the stall (power on or power off) shall
be the distance as observed on the sensi-
tive altimeter testing instaliation from
the moment the airplane pitches to the
observed altitude reading at which hori-
zontal flight has been regained.

(¢} Power used during the recovery
portions of a stall maneuver may be that
‘which, at the discretion of the inspector,-
would be likely used by a pilot under nor-
‘mal operating conditions when executing
this particular maneuver. However, the
power used to regain level flight shall not
be applied until the airplane has regained
flying control at a speed of approxi-
mately 1.2 V,;. This means that in the:
investigation of stalls with the critical,
«€ngine  inoperative, the power may be!

'reduced on the operating engine(s) be-:

any pitehk in excess of 30 degrees below

fore reapplying power on the operating:
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‘engine or engines for the purpose of
regaining level flight.

[Supp. 1, 12 F. R. 3435, May 28, 1947, as
amended by Amdt. 1, 14 P. R. 86, Jan. &,
1948]

§3. 120-2  Indications of stall warn-
ings (CAA policies which apply to
$3.120). (a) No precise and complete
-description of the various warnings that
would comply with § 3:120 can be given
at this time, but the following lists of
.items may be used as a guide:

(1) Satisfactory items include:

(1) Buffeting, which may be deflned
as general shaking or vibration of thej.
airplane, elevator nibble, aileron nibble,
rudder nibble, audible indications such
-as oil canning of structural members or

covering roughness in riding qualities of}

“the airplane due to aerodynamic dis-
turbances, etc.
o (i) Stall warning instrument, either
visual or aural. A visual instrument
could be either a light or a dial, B
(iii) Stick force, defined as heavy.
(iv) Stick travel to hold attitude. -
“(v) Stiek position,
(2) Uhsatisfactory ltems inelude:
‘(1) Alrplane attituae. :
(i) Inability to hold heading,
tiil) Inability, to hold wing level
[Supp. 10, 16 F. R. 3284, Apr. 14, 1951]
~ $3.121 Climbing stalls. When stalled
from an, excessive climb attitude it shall
‘be possible to recover from this maneu-
ver ‘without exceeding the limiting air
speed or the allowable acceleration limit.

§3.121-1 Climbing stall flight tests

for limited conirol airplanes (CAA in-}

terpretations which apply to § 3.121).
(a) This requirement is intended to draw
particular attention to any stall recovery
characteristics that might be encoun-
tered when 2 limited control airplane is
completely stalled from an extremely
nose high attitude, éither intentionally
., Or inadvertently. !
ble that the elevator control travel could
‘be limited to-such an extent that stalls
could not be obtained at the normal rate
‘of deceleration used in testing. How-
ever, if theairplane was pulled up into'd
very steep climbing attitude from rea-
sonably high speed flight either power
on or power off, and held in this attitude,
excessive pitching may oceur.
same time, the limited elevator travel
may retard recovéry. from the -pitched
attitude until excessively high speeds are
obtained. These .characteristics would
normally be considered under §3.106;

however, it appears wise to cail particular
attention to the control characteristies
that might result from these flight con-

figurations on limited control airplanes. .

(b) Although Form ACA-283-03, item

A, (3}, {a), indicates that take-off power

should be used for these tests, this is not

“a mandatory requirement. . In this re-
-gard it is to bhe noted that although

§3.121 is entitled “Climbing Stalls”, it
when . stalied!

‘specifically states: *“. ..

In practice it is possis’

. At the.
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-specified application of power is not re-
quired. For example, flight tests re~
cently conducted on several aircraft Have
indicated that the power-off configura-

§tion was critical since the stall resulted
in greater pitch and less elevator control.

The technique used for inducing such
stalls consisted of stalling the airplane
(power off) in as steep & climbing atti-
tude ag possible without falling into a
whip stall, or other flight maneuver that
might overstress the structure. (Form
JACA-283-03 will be revised at the next
printing, so that the power found to be
cr1tlca.1 can be recorded in a space that
will be provided for this purpose.)

[Supp. 10, 16 F. R. 5284, Apr. 14, 1851]

§3.122 Turning flight stalls. When
stalled during a coordinated 30-degree
banked turn with 75 percent maximum
continuous. power on all engines, flaps
and landing gear retracted, it shall be

.| possible to recover to normal level flicht

without encountering excessive loss of

-| altitude, uncontrollable rolling charac-

teristics, or uncontrollable spinning ten~
dencies. ‘These qualitiés shall be demon-
strated by performing the following ma-

neuver: After a steady curvilinear level

coordinated flight condition in a 30-de-}
gree bank is established and while main-
taining the 30-degree bank, the airplane

1shall be stalled by steadily and progres-

sively tightening the turn with the ele-
vator eontrol until the airplane is stalled
or until the elevator has reached its stop..
When the stall has fully developed, re-
covery to level flight shall be made with
normal use of the controls.

' §3.123  .One-engine-inoperative stalls,
Multiengine airplanes shall not display
any unduye spinning tendency and shall
be safely recoverable without applying
power- to the inoperative engine when
stalled with:

. (&) ‘The critical engine inoperative,
(b) Flaps and landing gear retracted,
(¢)’ The remaining engines operating

‘at up to 75 percent of maximum con-

tinuous power, except that the power

need not be greater than that at which
the use of maximum control travel just
holds the wings laterally level in ap-

 proaching the stall. The operating en-
| gines may be throttled back during the

recovery from the stall.. -
SPINNING

§3.12¢4 Spinning—(a) Calegory N.
All airplanes of 4,000 1bs. or less maxi-
mum weight shall recover from a one=

‘turn spin with the controls applied nor- {-

mally for recovery in not more than ocne
additicnal turn and without exceeding.
‘either the limiting air speed or the limit
positive maneuvering load factor for the
.airplane, ' In addition, there shall be no
excessive back pressure either during the
spin or in the recovery. It shall not be
possible to obtain uncontrollable spins by
means of any possible yse of the controls.
Compliance with these requirements
shall be demornistrated at any permissible
combination of weight and center of

from an excessive climb attitude”, thus a'! gravity positions obtainable with all or
. . : R .

.any part of the designed useful Toad, Al

airplanes in category N, regardiess of:
weight, shall be placarded against sping;’
or demonstrated to be “characteristically:

incapable of spinning” in which case!

they shall be so designated. (See para-
graph (d) of this section.)

(b) Category U.. Alrplanes in this
category shall comply with either the en-

tire requirements of paragraph (a) of.

this section or the entire requirements of
paragraph {¢) of this section.

(c) Ceotegory 4. Al airplanes in thig’

category shall be capable of spinning and
shall comply with the following:

(I} At any permissible combination of
weight and center of gravity position ob-
tainable with all or part of the design
useful -load, the airplane shall recover
from a six-turn spin, or from any point
in a six-turn spin, in not more than'1lz
additional turns after the application of
the controls in the manner normally used
for recovery.

(2) Itshall be possible to recover from

the maneuver prescribed in subpard-
graph (1) of this paragraph without
exceeding either the limiting air speed
or the limit positive maneuvering load
factor of the airpiane.

(3) It shall not be possible to obtain
uncontreilable spins by means of any-
possible use of the controls.

(4) A placard shall be placed in the
.cockpit of the airplane setting forth the
use of the controls required for recovery
from spinning maneuwvers.

(d) Category NU. When it is desired

‘to designate an airplane as'a type “char-
acteristiczlly incapable of spinning,” the

flight tests to demonstrate this chars:
acteristic shill also be conducted witht-

(1) A maximum weight 5 percent in
excess of the weight for which approva.:l
is desired,
v {2) A center of gravity af least 3 per-
cent aft of the rearmost position for
which approval is desired,

(3} An available up-elevator travel 4
degrees- in excess of that to which the
‘elevator travel is to be Hmted by appro-

 priate stops.

(4) An available rudder travel 7 de=
grees, in both directions, in excess of that

to which the rudder travel is to be limited -
1'by appropriate stops.

[Amdt. §3-8, 11 F. R. 13370, Nov. 9, 1946, as
amended by Amdt. 3—4, 15 F. R. 8800, Dec. 15,
19§Q; Amdt. 3-7, 17 F. R. 1086, Feb. 5, 1952]

airplanes (CAA interpretations which .
avply to § 3.124 (a) ). If during recovery
‘from a one-turn flaps-down spin the air-
‘plane exceeds the placard flap speed or
limit load factor, it is permissible to re-~

tract the Aaps during recovery to’ avoid.

exceeding these limits.
[Supp. 10, 18 F. R. 8264, Apr. 14, 1951].

§3.124-2 Spin tests for.-calegory. A

girplanes {(CAA interpretalions which

apply to § 3.124 (¢)}. If Guring recovery
from a onc-turn flaps-down spin the
airplane exceeds the placard flap speed

§3.124-1 Spin tests for category N
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§§ 3.144 to 3.147.

quate directional control during taxying.

‘plane to encounter in normal operation,

_strated to be free from flutter and exces-

AIRPLANE ATRWORTHINESS;

or limit load factor, it is permissible tol}

retract the flaps during recovery to avoid
exceeding these limits. In addition the;
airplane is to be placarded “Intentmnal‘
spins with flaps down prohibited.”
‘[Supp. 10, 16 F. R. 3284, Apr. 14, 19511

GROUND AND WATER CHARACTERISTICS

§ 3.143 Requirements, - All airplanes
shall comply with the requlrements of

§3.144 Longitudinal stabihty and:
eontrol, There shall be no uncontrolla-
ble tendency for landplanes to nose over
in any cperating condition reasonably
expected for the type, or when rebound’
occurs during landing or take-off,
Wheel brakes shall operate smoocthly
and shall exhibit no undue-tendency to
induce nosing over. Seaplanes shall ex-
hibit no dangerous or uncontrollable’
porpmsmg at any speed at which the
airplane is normally operated on the]
water.

§3 145 Dzrectzonal stabzht'y aend con--
trol. (a) There shall be no uncontrol-
lahle locping tendency in 90-degree cross
winds up to a velocity equal io 0.2 Vs,
at any speed at which the aircraft may
be expected  to be operated upon the
ground or water.

(b) . All landplanes ‘shall be demon-.
strated to be satisfactorily controllable
with no exceptional degree of skill or
glertness on the part of the pilot in
power-off landings at normal landing

speed and during which brakes or en-
gine power are not used to mamtam a
straight path

“(¢) Means shall be provided for ade-

'§3.146 Shock absorption. The shock-
absorbing mechanism shall not produce
damage to the structure when the air-
plane.is taxied on the roughest ground
which'it is reasonable to expeet the air-

§3.147 ' Spray  characteristics. For
seaplanes, spray during taxying, take-
off, and landing shall at no time danger-.
ously obscure the vision of the pilots nor
produce damage to the propeller or other
parts of the sirplane.

FLUTTER . AND VEBRATIONW

§3.159 * Fluiter and vibration, Al
parts . of the airplane shall be demon-

sive vihration under all speed and power
conditioris zppropriate to the operatmn
of the airplane up to at least the mini~
mum value permitted for Vg in § 3.184,
There shall also be no buffeting condi-
tion.in any normal flight condition se-
vere encugh to interfere with the satis-
factory control of the. airplane or o
cause excessive fatigue to the crew or
result in structural damage. However,
buffeting as stall warning is considered

desirable and discouragement of this |

type of buffeting is not intended. _
SUBPART C—STRENGTH REQUIREMENTS
E - GENERAL

ultimate loads. ILimit. loads are the
maximum Joads anticipated in service.
Ultimate -loads are -equal to the limit
loads multiplied by the factor of safety.
TUnless otherwise described, loads speci-
fied are limit loads.

spemﬁed air, ground, and. water loads
shall be placed in equilibrium with'
inertia forces, considering all items ofj
mass in the airplane. "All such loads
shall be distributed in a manner coh-
servatively approximating -or closely
representing actual conditions., If de-

- 'fections under load would change sig-

nificantly the distribution of external or
internal loads, such redistribution shall
be taken into account.

(¢) Simplified structural design cri-
teria shall be acceptable if the Admin-.
istrator finds thai they result in design
loads not less than those prescribed in
§§ 3.181 through 3.265.

[Amdt: 03-0; 11 ¥, R. 13874, Nov. 9, 1946, s
amended by Amdt. 3-7,17 F. R. 1086, Feb. 5
1952}

which apply to § 3.171 (). .The Ad-
ministrator
structural Aesign criteria contained in
Appendix A . to Civil Aeronautics Manual
3, result in design loads not less than
those prescribed in §§ 3.181 through
3.265. .

[Supp. 16, effective Jan. 31, 1953, 17 F. R..
11788, Dec. 30, 1952]

§3.172 Factor of safety., The fac-
tor of safety shall be 1.5 unless otherwme
spemﬁed

§3.178 Strength and deformations.
The structure shall be capable of sup-
porting limit loads without suffering
detrimental permanent deformations,
At all loads up to }imit loads, the de-
formation shall be such as not to inter-
fere with safe operation of the airplane.
The structure shall be capable of sup=
‘porting ultimate loads without failure
for at least 3 seconds, except that when
proof of strength is. dernonstrated- by

tions of load application, the 3-second
Iimit does oot apply.

§3.173-1 “Dynamic tests (CA4 :polz-
cies which apply to §3.173). (a) Sec-
tion 3.173 permits dynamic testing in lieu
of stress analysis or static testing in the

strength and déeformation requirements,

proof of strength of landing gears for
the stipulated landing conditions con-
tained in §§ 3.245, 3.246, and 3.247, it is
'necessary to. employ a procedure which,
‘will niot result in the accepting of landing
gears weaker than those gualified for
acceptance under present procedures,
i. e, stress analysis or static ‘tésting.

.an adequate procedure for this purpose,
‘the fellowing dynamic tests:
The structure shall be dropped a mlm*

§3.171 Loads. (a) Strength reguire-!

‘ments are specified in terms of limit angd’

mum of 10 times from the lirnit drop
height, and at least one time from the!
ultimate drop height, for each basie de-

- (b) Unless otherwise provided theh

§3.171~1 Design cntem (CAA polzczes:
finds that the simplified]

dynamic tests simulating actual condi-

proof of compliance of the structure with;

In demonstrating, by dynamic tests,

(b) 'The Administrator will accebt, as
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sign condition for which  proof of
strengeh is being made by drop tésts.
(¢) With regard to the extent to which
the structure can be proved by dynamic
tests, such dynamniic-tests shall be-ac-
cepted as proof of strength for only those
elements of the structure for which It
can be shown that the critieal limit and
‘ultimate loads have been reproduced. -
‘[Supp. 1, 12 F. R. 3435, May 28, I047, as
:amended by Amdt. 1, 14 F. R. 36, Jan. b,
1949] - _ _
§ 3.174 - Proof of structure. Proof of
compliance of the structure with the
.strength and deformation requirements
of- § 3.173 shall be made for all eritical

{loading conditions. Proof of compliance

‘by means of structural analysis will be:
accepted only when the structure con-
forms with types for which experience
has shown such methods to be reliable.
In gl other cases substantiating load
tests are required. Dynamic tests in-
cluding structural ‘fight tests shall be -
acceptable, provided that it is demon-
strated that the design load conditions
have been simulated.  In all cases certain
portions of the structure must be sub- -
Jected to tests as specified in Subpart D.
[Amat. 03-0, 11 F. R. 13374, Nov. 9, 1946, as
gme;lsc;e]d by Amdt. 3-7, 17 F. R. 1086, Feb.
1 .

§3.174~1 Material correction factors
(C’AA policies which apply to. § 3.174).
(a) In tests conducted for the purpose of
establishing allowable strengths of strug-
tural elements such as sheet, sheet.
stringer combinations, riveted joints,
ete., test results should be reduced to
valies which would be met by elements
of the structure if constructed of mate-
rials having properties equal to. design.
allowable values. - Material correction
factors in this case may be cmitted, how-
ever, if sufficient test data are obtained
to permit.-a probability analysis showing
that 90 percent or more-of the elements
will either equal or'exceed in strength the
selected - design allowable -values. The
number of -individual test specimens
needed to form a basis of “probability
values”. cannot be definitely stated but
must be decided on the basis of consist-
lency of results; i. e, “spread of results”,
deviations from mean value, and range
of sizes, dimensions of specimens, ete.,
-to be covered.. This item should there-
fore be a matter for decision between
the manufacturer and .the CAA. (Sec-
tions 1.654 and 1.655 of ANC-5a 1949 edi~
tion * outline two means of accomplish-
‘ing material corrections in element.
tests; these methods, however, are by ne
means - considered the only methods -
ayailable.) ‘

(b) In casesof statm or dynamic tests
of structural components, no material
correction factor is required, The mans<
ufacturet, however, should use care to
see that the strength of the component-

- *ANC-5a; “Strength of Alrcraft Elements”
15 published by the Army-Navy-Civil Com-
anittee on’ Ajreraft Design Criterla and may-
be obtained from the Superintendent of
Documents, Government Prlntmg Office,
Washington 25, D. C.




15

‘tested conservatively reprdsents the
strength of subsequent similar compo-
nents to be used on aircraft to be

presented for certification. The manu-]|

facturer should, in addition, include in
-his report of tests of major structural
components, a statement substantially
‘a8 follows:

The strenpth' propertles of materinls and
‘dimensions of parts used In the struetural
component(s) tested are such that subse-
quent components of these types used In
alrcraft presented for certification will have
strengths substantlally equal to or exceeding
“the strengths of the components tested.

.{Supp. €, 16 F. K. 619, Peh. 4, 1850]

§3.174-2 Structural testing of new
projects (CAA policies which apply lo
§3.174). (a) The following is a gen-
‘eral procedure that may be followed for:
determining the extent of required strue-
tural testing of a new project:

(1) As the initial step to determine
the structural testing of a new project,
a meeting between representatives of

" the manufacturer, the Civil Aeronautics.
:Administration project engineer, and (f
practicable) the pertinent Branch Chief
of the Aircraft Division should be ar-
ranged. The question of minimum
‘tests should be reviewed first,. This
will include generally such tests aspreof
and operation tests of control surfaces
and systems, drop tests of landing.gear,
‘vibration tests, and wing torsional
stiffness tests.

(2) If the structure is of a type-on
which the manufacturer bas a thorough
background of experience, analysis and
proof tests can usually be considered ac-
ceptable. If, in addition, the analysis
has a high degree of conservatism, proof
tests other than those specifically re-
quired by regulation may he omitted at
the discretion of the CAA, .

(b) If the structure or parts thereof
are definitely outside the manufac-
turer’s previous experience, the manu-
facturer may be requested to establish a
strength test program. In the case of a
wing, this will usually involve a 100
percent ultimate load test for PHAA,
In cases of this type, it should be sug-
gested to the manufacturer that he CALTY
the PHAA test to destruction. If & com-
parison of the effects of inverted and
normal types of loading can be carried
out, some of the above tests, such as
ILAA test, can be omitted - and a test!
made for one condition only,

(¢} When ultimate load static tests
‘gre made, the limit load need not be
removed provided that continuous read-
ings of deflections of the structure are
measured at an adequate number of,
points, and also provided that a close,
examingtion of the structure is main-l
tained throughout the tests with par<’
_ticular emphasis being placed upon elose
observation of the structure at limit load
for any indications of local distress,
yielding buckles, ete,

(d) In the case of small airplanes of
other than two spar and steel tube con-,
-struction, the manufacturer should be|
-encouraged to strenzth test his product
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and reduce formal
minimum,
[Supp. 10, 16 F. R, 3284, Apr. 14, 1851]

§3.174-3 Allowable bending moments

of stable seclions in the plastic rangef’
(CAA policies which apply to § 3.174).}

(a) The analytical method for deter-
mining allowable bending moments of
-stable sections in the plastic range as
outlined in “Bending Strength in the
Plastic Range” by F. P. Cozzone, Journal
‘'of Aeronautical Sciences. May 1943, is
satisfactory for general use; howewver,

the following should be considered in the}

application of this method of analysis
to particular problems:

(1) The above method may be uncon-
servative and should not be used for
sections subject to local failure unless
verified by suitable tests. For example,
ANC-5 should be used for reund tubing.

(2) The method may be unconserva-
tive and should be verified by testing
representative c¢ross sections for mate-
rials having stress-strain curves differ-
ing materially from those discussed in
the reference article, or for materials
whose stress-straln properties in com-
pression differ materially from those in
tension.

[Supp. 10, 16 F. R. 8285, Apr. 14 195E, as
amended by Supp. 14, 17 F. R. 2066, Oct. 11,
1652]

§3.174-2¢  Acceptability of static
and/or dynamic tests in liew of stress
analyses (CAA policies which apply o
§ 3.174). Static testing to ultimate load
is considered an adequate substitute for
and in some cases superior to formal
stress analysis where static loads are
critical in the design of the component.
In cases where a dynamic loading is
critical dynamic load tests are equiv-
‘alent to formal stress analysis. An ex-
ample of components on which dynamie;
loading is usually eritical is the landing
gear and landing gear structure of an
aireraft.. (See §3.174-2)) The same
yield eriteria apply to dynamic tests as
to static tests.

[Supp. 10, 16 F. R. 3285, Apr. 14, 1951]

§ 3.174-5 Operation tests (CAA poli-
cies which apply to § 3.174). Operation
tests of structural components are re-
quired for mechanisms and linkages in

several of the regulations in this sub- |

chapter. For this pa.rt these are §§ 3.343
and 3.358,
[Supp. 10, 16 F. R. 3285, Apr. 14, 16561]

$3.174-6 Material correction factors,
fitting factors, and other factors; their
effect on test loads (CAA policies whick

apply to § 3.174)—(a) Use of tactors to
‘esteblish design and test loads. This
‘part specifles certain factors which
‘must be taken into account in establish-

ing design and test loads for structural
components. These factors are to be
found in the following sections of this
part and are discussed in paragraphs
(b) through (g) of this section:

(1) §8.172 Factor of sufety.

analysis. to ap
1 erties and design values.

(2) §3301 Material strength prop-

(3) §3.304 Cuastings.

(4) §3.305 Bearing factors.

(5) §3.318 Ribs.

(6) §2.3290 Hinges.

(1) §3.346 Joints.

(b) Factor of safety of 1.50. In all
cases of ultimate load testing the faclor
of safety of 1.50 should be included in the
test load.

(e) Material correction factors, (See
§3.174-1).

(d) Fitting factor. The additional

multiplying factor of safety of 1.15 speci-
fled in § 3.306 need not be included in

‘test loads in which the actual stress con- .
ditions are simulated in the fitting and.

the surrounding structure. Also, these
factors are constdered to be inecluded in

‘and covered by the other special factors

specified in § 3.302.

(e} Casting factors. Casting factors
should be included in all tests in the sub-
stantiation of castings. (See § 3.304-1.)

(f) Hinge end bearing factors. Hinge
and bearing factors specified shall be in-
cluded in tests unless thé appropriate
portions of the parts are substantiated
otherwise.

(g) Other factors. Test factors for
rib, wing, and wing- covenng are as fol-
lows:

(1) No additional factors of safety
need be applied when rational chord-
wise upper and lower surface pressure

distribution is used, provided that the

test includes a complete wing or a sece
tion of a wing with end conditions and
loadings applied in' a manner closely
‘simulating the actual wing conditions.
(2) When a rib alone, & section of
wing, or small section of the airplane

'} covering is tested without employing a

completely rational load analysis and
distribution, a factor of 1.25 should be

ineluded in the test loads. In an inter-

mediate case, a factor between 1.0 and
1.25 may be employed in wing section
tests if it fs suitably established that a
reduction from 1.25 is warranted by the
particular conditions of the test.

[Supp. 10, 18 F. R. 3285, Apr, 14, 1951]

§ 3.174-7 Establishment of material
strength properties and design values by
static test (CAA policies which apply to
§3.174). (a) There are several types of
material design allowables, all of which
are derived from test data. These are:

(1) Minimum acceptakle values based-
on a minimum value already in an ap-'
plicable materials procurement specifi-.

cation.

(2) Minimum non-specification values

derived from iests of a series of standard
specimens,

(3) Ninety percent probability values
which are the lowest sirength values ex-
pected in 90 percent of the specimens
tested.
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-fain that the strength properties of that

" amended” by Supp. 14, 17 F. R, 9066 Qet, 11,

' [$upp. 10, 16 F, R. 3285, Apr. 14, 18561]
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(4) Values based on “premium selec--
tion” of the material, '

(b) Where testing is used to determine;

any of these types of allowables, proce-'
dures outlined in existing Governiment or
industry specifications, e. g. QQ-M-151,!
ASTM's, ete., should be used although!
other procedures if approved by the CAA

may be used. No elear-cut rules as tothe
extent of testing to be done can be estab-|
lished in this section, as this usually va-
‘tles with the case. It is therefore a
matter for joint discussion hetween the
manufacturer apd the CAA. The re-l|
sults, however, should be based on a-suf-
Rciently Iarge number of tests of the ma-
terial to establish minimum aac.ceptaad:;lel
‘or prohability values on a statlstical
basis, -

(¢) Design values pertinent to the
items in paragraphs (a) (1), (2) and (3)-
of this section are presented in ANC-5
and ANC-18 for commonly wused mg-
terials,

(d) With reference to parsgraph (a)
{4) of this section, some manufacturersy
have indicated a desire to use values
greater than the established minimum
aceeptable values even in cases where
only the use of minimum acceptable
Jalues is indicated, Such increases will
‘be acceptable provided that specimens of
each individual item of basic material as
obtained are tested prior to use, to aseer-

particular item will equal or exceed the
properties to be used in design,
[Supp. 10, 16 P. R. 3285, Apr. 14, 1951, as

1852

§3.174-8 Unusual test situations
(CAA policies which apply to § 3.174),
It should be borne in mind that in any
unusual or different situations a confer-
lence between the CAA and the manu-
facturer should be held to determine if

the testing program as propesed by the | except -fha
manufacturer is sufficient to substantiate | THaT 20, the above DUMErical MHulGpLy-

the siruetural strength of the alrcraft or
its eomponent.

:critical altitudes within the range in

- distribution of disposable load within{ ¥

1 exiz of the alrplane, and equal in magni-

of gravity

tions specified by the maneuvering and

‘diagram w.l] also be used in determining]

‘designer except that they shall not bew

ing Tackors shall” e uecreased Tinearl

FLIGKT LoAns

§3.181 Genercl. Flicht load re-
guirements shall be complied with at

which the airplane may be expected to

‘operate and at all weights between thej

minimum design weight and the maxi-
mum design weight, with any practicable

prescribed operating limitations stated}.
in § 3.777-3.%80.

§ 3,182 Definition of flight load fac-
tor. . The night load factors specifled
represent the acceleration component
(in ferms of the gravitational constant
¢) normal to the assumed longitudinall

tude and opposite in direction to the air-
plane inertia load factor at the center

SYMMETRICAL FLIGHT commons (n.ars
RETRACTED)

§3.183 General. The strength re=
quirements shall be met at all combina-
tions of air speed and load factor on and’
within the boundaries of a pertinent V-n.
diagram, constructed similarly to the one
shown in Figure 3-1, which represents
the envelope of the flight loading condi- ]

gust criteriz of §% 3.185 and 3.187. This]

the airplane structural operating limi-}
tations as specified in Subpart G.

§.3.18¢ Design air speeds. The de-
sign air speeds shall he chosen by the

less than the following values:

V. (deslgn cruising speed)
=38 yW/S (NU)
=42 VW/8 (4)

Tt o yaliies of t W /S, greater :

“With W/S5 10 5.valie of 23 a at Wid= W/3=100:
Anﬁ’?ﬁ?ﬁer provided, That the required

Pr=01+

minimum value need be no greater than
0.9Vrsa btained.at sea level,

Va (deslgn dive speed)

g TS a

. e Bcrensed "linearly
Gegr LW/ sa
#V¥e'mm 15 the recﬁm-ea TRINIMUN VA6 Of -
‘HesTii wraliig Shced vhEeifieq ApeveD ™

s

[ )

Vp (design manuevermg speed)

—V, V% where: '

¥,=5a computed stalling speed with

flaps fully retracted at the de-

sign weight, normally baseq

on the maximum alrplane

normal force coefficlent, Cyy.

n=Hlmit maneuvering load factor
used in design,

except that the value of ¥y need not ex-'

jceed the value of V: used in design.

§3.185 Maneuvering envelope. The

jairplane shall be assumed to be subjected

1o symnetrical maneuvers resuliing in
the following limit load factors, except
where limited by maximum ({(static) lift
coeficients:

(s} The positive maneuvering load

factor specified in §$3.186 at all speeds’

up.to Ve,
(b} The negative maneuvering load
factor specified in § 3.186 at speed Ve;

and factors varying linearly with speed

from ‘the specified value at Ve to 0.0 at

1 Va for the N category and —1.0 at Ve fcr

theAand U ca.tegorles

§3.186° Maneuvering load factors. (a)
The positive limit maneuvering load fac-

] tors shall not be less than the following
1 values (see Fig, 3-2):

24,000

W+ 10,000 Category N

except that % _need not be grealér Than
3.8 and shall Not be less e S F‘Qr,

H

neapible of gpinn i opeed ne ex-

\K alrplanes cortiieated 48 characteristical

Tb:ce:g 3.5.

- Category A

v 4 :‘ W;__,.Q,fiw

nc oy
Vs .

=

< TGOy, Max

o

-

2

D

a

o Op=—

ur!
“QN'ANAN
= MANEUVER

______ LIMIT MANEUVER ENVELOPES
. . == LIMIT GUST ENVELOPE
‘ LIMIT COMBEINED ENVELOEE. -

¥ NOTE
POINT G NEED NOT BE |NVESTIGATED
WHEN SUPPLEMENTARY CONDITION

. SPECIFIED

\
SPEED Vubw . § LRy ik
EM =

s 7

AUNY

IN §'3.194 15 INVESTIGATED,

FIG. 3-1—(V-n) DIAGRAM (FLIGHT ENVELOPE)

- --- Category U’

L€

L
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(b) The negative limit maneuvermgi
“load factors shall not be less than —0.4,
times the positive load factor for the N
and U categories, and shall hot be less
than —0.5 times the positive load fa.ct.or

- for the A category.

(¢) Lower values of maneuvering loa.d

fsctor may be employed only if it be,

proven that the airplane embodies fea-§

tures of design which make it impessible

“to exceed such values in flight. (See also
§ 3.106.) . ’
-§3.187 Gust em:elozae The airplane.

shall be assumedto encounter symmetri-
cal vertical gusts as specified below while
in level fiight and the resulting loads'
shall be considered limmit lodds:

(a) ~Positive (up) and negative (down)
{ 0f 30 feet per SEEOI nomina)
e ity a a speeds up to Ve

ve iﬂ,_r,e.e‘t,psr-

by Positive an_;i,,n atl
second gusts at Vi "‘g Gust load factors

Bemumedto“v’é’ﬁﬁ‘i“da”ﬂ ween-

§ 3 188 G”ust lood factors. In appiy-
ing the gust requiremients, the gust load-
factors shall be computed by the follow-
ing form

HUuvm

N mm s

where: K—-—-(W/S)‘/‘ (for W/S(IB P. 8. 1’)

2,67
(W /S) 2/4
U=nominal gust veloclty, f. p. s.
- (Note that the "effectlve sharp-
edged gust” equsals XU.)
V=airplane speed, m. p. h.
m =slope of 1ift curve, Oy, per radian,
corrected for aspect ratio.
W/S=wing loading, p. 8. 1.

§ 3.188-1 “Slope of lifi curve” (CAA|L
interpretations which apply to § 3.188).
For purposes of gust load computations
as required in § 3.188 the slope of the Hft |-
curve may he assumed equal to that of.
.the wing alone.

{8upp.. 1, .12 P. R, 3435, May 28, 1947 88

| =133— (roch/S>16p B. f)

.} plane shall be assumed to be subjected o

*{%ors shall be computed by the formula of

CIVIL AERONAUTICS MANUAL 3

§ 3.18% Airplane equilibrium. In de-
termining the wing loads and linear
‘inertia loads corresponding fo any of the
above specified flight conditions, the ap-
proprmte balancmg horizontal tail load
f-(see & 3.215) shall be taken into account‘
An a rational or conservative manner.

Incremental horizontal tail loads due

‘tional or conservative manner. _
¢ '¥LAPS EXTENDED FLYGHT CONDEITONS

§'8.190 Flaps ertended flight condi-
'tzom

‘ing, and take-off are installed, the air~

‘symmetrical maneuvers and gusts with
-the flaps fully deflected at the desizn flap:
speed ¥y resulting in limit load factors
within the range determined by the fol-
‘lowing conditions;

(1) Maneuvering, to a. positive limitl
lead factor cf 2.0.

(2) Positive and negative 15-feet-per-
sepond gusts acting normal to the flight
path in level flight. The gust load fac-

§3.188. .
. Vs shall be assumed nof less tha.n 14
Vs or 1.8 V7, whichever 15 greater, where:

Ttine device-is. -i5 employed, the airf
" W ﬁdesed Jfor critical combina-

fV_,_the computed stamng speed with ﬂaps
fully retracted at the design weight |
Vyy=the computed stalling speed with flaps
Tully extended at the design weight

) except t_l,;aj:mpen an sutomatic flap loacl

5ol air speed and fHap position per-
Wmeme {Sed 8I50"T 37388.)
65" 1n demgnmg the fiaps and sup-
porting structure, slipstream effects shall
‘be taken into a,ccount as specified in
'§ 3.223,

. Nots; In determining the external: loads
‘on the airplane s a whole, the thrust, slip-

amended by Amdt. 1, 14 F. R. 36, Jan. 5, 1849]

to maneuvering and gusts (see §§ 3:218 b-pryfp-
and 3.217) shall be reacted by angular |-puse:
inertia of the complete airplane in & ra- N

(a) When flaps or similar high §'
J1ift devices intended for use at the rela~{:
the.ly low air speeds of approach, land-} ;.

§ 3.190-1 Deszgn flap s'peed Vy (CAA
interpretations which apply to §3.190:
(@)). (a)_The minimum permissigle:
speed of 1.8 Vy 15 specified in ‘order to‘-
€OVer power-off Hisht tests &8 required:
By §4.115 (a). Sechioh 3273 requires
that slipstream effects-be eonsidered in

THE design of the flabs and operating
" tidehanism up o d of &t least ]
HE

T On ﬂig

(b} The designer may treat the fore-
going conditions as two separate cases,
or he may combine them if he so desires,
[Supp 19, 16 F. R. 8285, Apr. 14, 1951]

UNSYMMETRICAL FLIGHT CONDITIONS

§3.181 Unsymmetrical flight condi-
‘tions. . The airplane shall be assumed to
_be subjected to rolling and yawing ma-
nenvers as deseribed in the following
.conditions. Unbalanced  serodynamic

| moments about the center of gravity

_shall be reacted in a rational or conserv-
ative manner considering the principal
masses furnishing the reacting inertia
forces.

(a) ,Rolling conditions. - The airplane
shall be designed for (1) unsymmetrical
wing loads appropriate to the category,
and (2) the loads resulting from the
alleron deflections and speeds specified
Jn §3.222, In combination with an air-
'plane logd factor of at least two-thirds
‘of the positive maneuvering factor used
‘in the design of the airplane. Only the
wing and wing bracing need be investi—
gated for this condition.

Nore: These conditions mey bhe covered as
noted helow: :

(2) Rolling accelerations may be obta!.ned
by modifying the symmetrical flight condi-"
tions shown in: Figure 3-1 as follows:

{1) Aecrobatic ecategory.. In conditions A
and F assume 100 pereent of the wing air’
loag¢ acting on one side of  the plane of
symmetry and 60 percent on the other,

- (2) Normal and utility cotegories, In conw
ditlon A, assume 100 percent of the wing alr
load acting on one slde of the afrplane and
70 percent on the other. For alrplanes over
1,000 pounds design welght, the latter per-

stream, and pitching acceleration may be
a.ssumecl egual to zero, .

o

centage may be increased Iinearly with
welght up to 80 percent at 25,000 pounds. .

@€ 7 =
S -
S s n +6.0 ACROBATIC
E .
; a sk
g;:'eﬁ‘fi w& nr 4.4 UTILITY .
& P h 2 af
- -
S - 24,000
nE 2l
9 85 3 5 W10,000 NORMAL
ar NORMAL (CHARAGTERISTICALLY
. = @] INCAPABLE OF SPINNING) ‘ .
- : -
S n=25 FOR W
=2 GREATER THAN
o o S0,Q00 1B3.
(] 19000 20000 20000 40000 - 50000
o W-DESIGN WEIGHT (LBS)
NOTE.

LIMIT NEGATIVE MANEUVERING LOAD FACTORS SHALL Br
OBTAINED BY MULTIPLYING THE POSITIVE FACTOR VALUES
BY .4 FOR NORMAL AND UTILITY CATEGORIES AND '8Y 5
FOR THE ACROBATIC CATEGORY. -

FIG. 3:2—LIMIT MANEUYERING LOAD_FACTORS
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(b) The effect of alleron displacement on

- wing torslon may be accounted for by add-

ing the following inerement to the basic air-
foil moment coefficient over the alleron por-
tion of the span in the critical condition as
determined by the note ynder §3.222:

Aom= =018

‘where:

Aem=moment coefficient increment
§=down aileron deflection in de-
grees In critieal condition

(b) Yawing conditions. The aljrplane
shall be designed for,the yawing loads
resulting from the vertical surface loads
specified in §§ 3.219 to 3.221.

§3.191-1 Adileron rolliny conditlons
(CAA policies which apply to §3.191
(e}). In determining whether alr-
planes of small to medium size and
speed comply with § 3.191 (a), the Ad-

‘ministrator will accept the Icllowing

simplified procedure: :

(a) Steuady roll. Determine the Cn
value, corresponding to 23 the sym-
metrical maneuvering load factor. The
Cr distribution over the span may be as-
sumed the same as that for the sym-
metrical flight conditions. Medify the
wing movement coefficient over the

aileron portions of the span, as described §

in the “Note” under § 3.191 (a), corre-
sponding to the required aileron deflec-
tions. .The wing may be critical in for-
sion on the up, as well as on the down
aileron side, depending upon airfoll sec-
tion, elastic axis location, aileron differ-
ential, ete. (For the up aileron, the
moment coefficient increment will be

- positive.)

The above assumption concerning Cn
distribution implies that the aerody-

.namic damping forces have exactly the

same distribution as the rolling forces,
which is not strictly correct. However,
since the load factor in the rolling con-
ditions is only 24 of that in the sym-
metrical conditions, the errors involved
in this assumption are not likely to be
significant. ’ "

(1 Maximum angular accelergtion.
This condition need be investigated
only for wings carrying large mass items
outboard. In such cases instantaneous
aileron deflection (zero rolling velocify)
may be assumed and the local value of
Cr and Cn over the aileron portions of
the span modified aceordingly to obtain
the spanwise airload distribution. The
average C» of the entire wing should
correspond to %4 of the symmetrical
maneuvering load factor. The result-
inz rolling moment should be resisted by
the rolling inertia.of the entire airplane.
This procedure is, in general, conserva-
tive, and a more rational investigation
based on the time history of the control
movement and response of the airplane
may be used if desired.

[Supp. 10, 16 F. R. 3285, Apr. 14, 1951]

SUPPLEMENTARY CONDITIONS

§3.194 Special condition for rear lift]

{'for conditions
design speed of :

_V=10yW/S5+10 (m. p. h.)
Nore: It may bhe sssitmed that the value

1
ditions should also be investigated:

of ¢ is equal to —0.8 and the ‘chordwise
distribution is trisngular between & peak at
‘the tralling edge and zero at the leading edge.

§ 3.195. Engine torque effects. {(a) En-

1 gine mounts and their supporting struc-

tures shall be designed for engine torque

1 effects combined with certain basic fiight

conditions as described in_subparagrapl}_s

(1) and (2) of this paragraph. Engine] maneuvering condition.

torque may be neglected in the other
fight conditions. .

(1) The limit torgue corresponding to
talke-off power and propeller speed act-
ing simultanecusly with 75 percent of
the limit loads from flight condition A.
(See Fig. 3-1.)

(2) The limit torque corresponding tof.

maximum continuous power and propel-
ler speed, acting sitmultaneously with
the limit loads from flight condition A.
(See PFig. 3-1.)

(k) The limit torque shall be obtained:
by multiplying the mean torque by a fac~
tor of 1.33 in the case of engines having 5
or more ¢ylinders. ¥For 4-, 3-, and 2-cyl-
inder engines, the factors shall be 2, 3,
and 4, respectively. )

§3.196 Side load on engine tmount.
The limit load factor in a lateral direc-
tion for this condition shall be at least
equal to one-third of the limit load factor
for flight condition A (see Fig. 3-1) ex-
cept that it shall not be less than 1.33.
Engine mounts and their supporting
structure shall be designed for this con-
dition which may be assumed independ-
ent of other flight conditions.

CONTROL SURFACE Loavs

§$3.211 General. The control sur-
face loads specified in the following sec-
tions shall be assumed to occur in the
symmetrical and unsymmetrical flight
conditions as deseribed in §§ 3.189-3.191.
See Figures 3-3 to 3-10 for acceptable
values of control surface loadings which,
are considered as conforming to the fol-
lowing detailed rational requirements. -

§3.211-1 Conirol surface loads for
design of “Vee” type tail assemblies (CAA
policies which apply fto §3.211). (a}
“Vee” type tail assemblies require special
design criteria in order to show “the
same level of safety” under § 3.10. Thus,
for “vVee" type tail assemblies, all the
tail road requirements as set forth in
this part are considered acceptable to
this type tail design. - It will be neces~
sary, however, to increase the unit loads
on each side of the tail surface to account
for the tail surface dihedral, since air
loads act normal to the surface only.
Thus the unit loads, based on the pro-

jected area, on each side of the tail sur-

face due to vertical loads on the tfall
assembly should be increased by a factor
equal to 1/¢os ¢, while the unit horizon-
tal loads on the tail assembly should be

-increased by a factor equal to 1/sin 8, |
where ¢ is the dihedral angle, or the
'angle between each side of the fail sur-

face and the horizontal.
() The following supplementary comn-

(1) A +30 fps gust, acting normal to
the chord plane of one side of the tail
surface at Ve, should be combined with a
one “g” balancing tail load: Reduction
for downwash is acceptable. Ttis evident
that this condition will be unsymmet-
rical, since one side of the “Vee” tail will
not be highly loaded by the gust.

(2} Combined rudder and elevator
(i) In order to
obtain the full one way travel of the
ruddervator, it is desirable to have full
elevator travel in conjunction with full
rudder travel. The limiting factor for
this configuration is 24 elevator load for
one pilot, and 24 rudder load for one pilot.
applied simultaneously. |

(i) When it can be shown that the
jateral gzust condition (reference:
'§ 3.220) 1s less eritical than the condition,
in subparagraph (1) of this paragraph,
no analysis for the lateral gust need be
made. :
[Supp. 10, 18 F. R. 3286, Apr. 14, 1851]

§3.212 - Pilot effort. In the control
surface loading conditions deseribed, the.
airloads on the movable surfaces and
the corresponding deflections need not,
exceed those which could be obtained
in fight by eniploying the maximum,
pilot control forces specified in Figure:
3-11. In applying this criterion, proper
consideration shall be given to the effects
of control system boost and servo mecha~
nisms, tabs, and automatic pilot systems
in assisting the pilot.

§3.212-1 Automatic pilot sysiems
(CAA policies which apply to §3.212)..
The Administrator will accept the fol-!
lowing procedure as giving proper Conl-:
sideration of automatic pilot systems in.
assisting the pilot under §3.212: The
autopilot effort need not be added to
humsan pilot effort but the autopilot
\ effort shall be used for design if it alone’
ean produce greater control surface loads
than the human pilot. ’
[Supp. 1, 12 F. R. 3435, May 28, 1847, as
amended by Amdt, 1, 1¢ F. K. 236, Jan. 5,
1949] ’

§3.213 Trim tab effects. The effects
of trim tabs on the control surface
design conditions need be taken into
account only in cases where the surface
loads are limited on the basis of maxi-
mum pilot effort. In such cases the tabs
shall be considered to be deflected in the
direction which would assist the pilok
and the deflection shall correspond to
the maximum expected degree of “out
of trim” at the speed for the condition
‘under consideration.

HORIZONTAL TAIL SURFACES

§ 3.214 Horizontal tail surfuces. The.
horizontal tail surfaces shall be designed
for the conditions set forth in §§ 3.215—
'3.218. :

§ 3.215 Balancing loads. A hori-
zontal tail balancing load is defined as
‘that necessary to maintain the airpiane
4n equilibrium in a specified flight con-"
dition with zerp pitching acceleration.
The horizontal tail surfaces shall be de-

‘signed for the balancing loads ocourring
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‘at any polnt on the limit maneyvering
envelope, Figure 3-1, and in the flap
‘conditions. (See § 3.150.)

" Nore: The distribution of Figire 3-7 mey
- be used.

§3.216 Maneuvering loads.
maneuvering speed Vp assume a sudden,
" deflection of the elevator control fol
the maximum upward deflection as
limited by the control stops or pilot ef-
tort. whichever is critical.

'Note: The AvVerage loading of Figure 3-3
"sand the distribution of Figure -8 may be

(a) Ab
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Jused. In determining the resultant normal
JTorce coefficient for the tail under these con-
“ditlons, it will be permisstble to assume that{
‘the angle of attack of the stabilizer with

respect to the resultant direction of air
flow is equal to that which occurs when the

.alrplane is in steady unaccelerated fiight at a
1 fight speed equal to Ve

The maximum,
elevator deflection can then bhe determined
from the above criterfa and the tall normal
1orce coefficlent can he obtained from the
data. given in NACA Report No, 688 “pera-
dynamic Characterlstics of Horizontal Tall
Surfaces." or other applicable NACA reports.

(b) Same as case (a) except that the -
elevator deflection is downward.

Notz: The average loading of Flgure 3-3
and the distribution .of Figure 3-8 may b~
used.

(c) At all speeds above Vp the hori-
zontal tail shal]l be designed for the.
maneuvering loads resulting from a sud-
den upward deflection of the elevator,
followed by a downward deflection of
the elevator such that the following

Aceceptable values of imit average maneu-

vering contrel suriace
talned from Figure. 3-3

Horizontal Tall Surfaces

(1) - Condition §8.216 (

CObtaln » as function of W/S and surface

deflection;

Use Curve C for deflection 10° or less;
Use Curve B for defectlon 20°;
Use Curve A for deflection 30° or more;

(Interpolate for othe:

"+ Use distribution of Pigure 3-8.

{2} Conditlon § 3.216 (b):
Obtain 1w from Curve B. Use distribution.

of Figure 3-8.

Ioadings can be ob--
(b} as follows:

e)i ure 3-8;

Vertical Tail Surfaces

(3) Conditlon §38.218 (a):
Obtalnw as function of W/§ and surfaca
deflection In same manner as outlined
fn {1) above, use distribution of Fig-

(4) Condftion § 3.219 (b}:

Obtain w from Curve G, use distribution of

Pigure 3=T;

r deflections); of Flgure 3-8.

- (B) Condition §3.219 (c):
Obtain = from Curve A, use distribution

(Note that condition

§3.220 generally will be more crltics.l‘
than this eondition.)

Ailgrons
(6) In lleu of conditions § 8.222 (b): .

Obtain w from Curve B, acting in both up
and down directions.
Use distribution of Pigure 3-10, -

FIG. 3-3(c)—LIMIT AVERAGE MANEUVERING CONTROL SURFACE

LOADINGS

5
= LIMIT AVERAGE MANEUVERING LOADING !
- W Kgog (PSP WHERE
F  n iS5 THE POSITIVE LIMIT MANEUYERING LOAD
4o~ FAGTOR USED IN DESIGN.
sC
- NOTE !
~ W SHALL NOT BE LESS THAN
TE i2 PSF IN ANY GASE.
a3 B
¥ =
2ol
s /
o
sp
)
o 3 10
< (PSF)

s 114l I.IIIIIII] NI TEN T

FIG, 3-3(b)—LIMIT AVERAGE MANEUVERING CONTROL SURFACE

LOADING
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LS o
n 2
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1 _OVERALL LENGTH OF AIRPLANE (FT)
‘ v DESIGN SPEED (MPH)
FiG. 3-4 —- MANEUVERING TAIL LOAD INGREMENT (UP OR DOWN)
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FIG. 3-5{a)— DOWN GUST LOADING ON HORIZONTAL TAIL SURFAGE
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W AVERAGE UP GUST LOADING (PSF)
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FIG. 3-5(b) === UP GUST LOADING ON HORIZONTAL TAIL SURFACE

50

-
he)

|

O

00

™

& .

=

o

z o .

P | o . 1

- F
20:__/_

% E 80

o E_—_—/—-—"—_

O

b

o

w

% .

]

=

NOTE: THESE GURVES ARE 3]

V71T INTT8 AOUE fART1 NNY)

,05 FOR ASPEGT RATIO R #33-FOR]
- OTHER ASPEGT RATIOS 3
- MULTIPLY LOADINGS .
! 8Y 5R =
E [ IR+ n

o i S R Y T TP T SR T 3
o 20 FT) 80 5] 100, 20 140

- MAXIMUM WEIGHT

¥
Sv

~ AREA OF VERTICAL TAIl. SURFACE

FIG. 3-6~—GUST LOADING ON VERTICAL TAIL SURFAGE



v

AIRPLANE ATRWORTHINESS; NORMAL, 'UTILITY, AND ACROBATIC CATEGORIES

=liscl- 45C e

— ¢ ]

NOTES::
to) N BALANGING GONDITIONS 03.2211
P *40% OF NET BALANCING LOAD
) { FLAPS RETRACTED} -
P20 (FLAPS DEFLEGTES)
- {b} IN CONDITION ©3.2221{b}
: P=20% OF NET TAIL LOAD

FIG. 3-7 TAIL
LOAD DISTRIBUTION

TQ THE STABILIZER
Loan.)

Q [ACTING 1N &
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SURFAGE

——d

- - 3

FIG. 3-8 TALL' SURFACE
LOAD DISTRIBUTION

!

FIG. 3-9 TAIL SURFAGE
LOAD DISTRIBUTION

7

FIG. 3-10 AILERON
LOAD DISTRIBUTION

-.combinations of normal acceleration and
“angular acceleration are obtained:

Airplanle angul
i noermal ngular acceleration
Condition accelera- radianfsée.?

) tion % .
Pown Joad.. <eoamo- Lo +4Ti”" (m—1.5)
TUpload. o eoemeeeenn fim —‘Tﬁnm (m—=1.5)
-where:

fip=positive limit maneuvering load
factor used in the design of the.

airplane.
¥ =initial speed in miles per hour.

(@) The wial tail load for the condi-
tions specified in (¢) shall be the sum of:
(1) The balancing tail lead correspond-

. ing with the condition at speed V and the.

'} 8 3.218 (a)).
1§3.216 (a) represents what may cccur

specified value of the normal load factor
n, plus (2) the maneuvering load in-
crement due to the specified value of the
angular acceleration. -

Nore: The maneuvering load increment or"
Figure -4 and the distributions of Figure
3-8 (for down loads) and Figure 3-9 (for.
up loads) may be used. These distributlons
apply to the total tail load. :

§3.216°1 Time Ristories of “puuup'
maneuvers (CAA policies which epply to-
§ 3.216). ;

§ 3.216-2 Unchecked pull-up maneu~|
‘per (CAA opolicies which apply fo¥
{a) The condition given in!

in an *unchecked” pull-up maneuver.
The basic assumption is that while the.
airplane is fiying in steady level flight
at the speed V3, the pilot suddenly pulls

f §8.216-1),

the elevator control back and holds it
in the full kack position. :

(1) An example of the time history of.
a typical case of an unchecked pull~-up’
maneuver is shown in Figure 1 (&) {(see.
It will be noted from this
figure that approximately full elevator-
deflection was applied in roughly 0.1 sec- !
ond and that the elevator was held im:
the full up position until after the peak’
c. g. acceleration was obtained, It will-
also be noted that the maximum down
tail load was attained before the airplane
had a chance to piteh appreciably sinee,
the e. g, acceleration corresponding to
maximum down tail load was approxi-
mately 1.5.
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(2) This condition is intended to rep-
resent the condition obtained at the in~
stant of maximum down tail load in an
unchecked pull-up as shown on the Fig-
ure 1 (a) (see § 3.216-1) ai the time of
approximately 0.15 seconds. ' )

(k) For purposes of simplifying anal-
ysis procedure the download applied to!
the horizontal tail surface may be car-
ried forward to the wing attachment
points, assuming that the fuselage load
faetor is equal to zero. The moment at
the wing due to the above described
loads need not be bhalanced out as @
couple at the wing attachment points.
However, the linear and angular inertia,
forces may be taken irito account if de-!
sired. ’ .
[Supp. 10, 16 F.-R. 3287, Apr. 14, 1951]

'§3.216-3 Unchecked push-down mea-
neivering load (CAA policies which ap-
ply to §3.216 (b)). The condition
given in §3.216 (b) represents an “un-
checked” push-down and is identical to
§3.216 (a) in principle, except that
sudden application of full forward stick

the up load applied to the horizontal
tail surfaces may be carried through the
attachment of the horizontal tail sur-
faces to the fuselage, and local fuselage
members.. No other structure need be
_investigated for this condition.

[Supp. 10, 16 F. R. 3287, Apr. 14, 1951]

. §3.2164 Checked meneuvering load
condition (CAA policies which apply 1o
§3.215 (e)). (a) The condition given
in §3.216 (¢} involves a down load and
up load corresponding to what may occur
in 8 “checked maneuver.”

(b} A “checked maneuver” is defined
as-one in which the pitehing control is
suddenly displaced in one direction and
then suddenly moved in the opposite
direction, the deflections and timing he-.
ing such as to avoid exceeding the limit;
maneuvering load factor,

(e) A typical case of a fully checked
pull-up maneuver is shown for the DC-3
airplane in Figure 1 (¢) (see § 3.216-1).
This figure will be briefly reviewed as it
contains all of the information essential
to explaining the down load and up load
‘eases required by § 3.216 (¢).

(1) It will be noted that 8 degrees cf
up elevator was obtained in approxi-
mately 0.2 second. - This 0.2 second time
is the time at which the critical down
load case oceurs. It will be noted that
& maximum down tail load of approxi-
mately 2,500 pounds is obtained at this
point: further, that the airplane load
‘factor is only slightly over 1 gz.
requirements specify a load factor of 1.0
‘for simplicity.) As time increases, it
will be noted that the load factor begins
to build up but that, when the load

factor had been built up to approxi-§

-mately 2.7 g, the pilot started to push

forward rapidly on the elevator control. |:
This pushing forward is called “check-

ing” and at speeds above the maneuver-
Ing speed such “checking” is reguired in
order to prevent the airplane from ex-:
ceeding the limit maneuvering factor,

(The§

It will be noted that at the end of ohe’
second, the elevator has been completely

that the maximum up tail load was ob-
tained at this point concurrent with the
‘maximum load factor of 3.2 g. The con-

represents the eritical up tail load con-
dition of § 3.216 (¢).
[Supp. 10, 16 F, R. 8287, Apr. 14, 1951]

.§ 3.216-5 Principles applicable to de-
 tailed analysis of conditions given in
§3.216 (CAA policies which apply lo
"§ 3.216). (a) The basic principles un-

‘{ions covered in § 3,216 (a), (b) and (¢}
are deseribed below: )

acceleration of 1.0 is specified, concur-

‘on the airplane should therefore satisfy
the following conditions:

(1) The algebraic sum of the upload

(For analysis purposes, 2 reasonable
approximation to this condition is satis-
factory.) .

.. (ii). The summation of wing, fuselage
.and tail moments about the center of
gravity of the airplane should be egqual
‘to the pitching moment. of inertia of the
alrplane multiplied by the specified
angular acceleration. )

(2} The analysis of the upload condi-
tion may be carried out in the same
manner, except that “nm” times the
weight of the airplane is used in sub-
paragraph (1) () of this paragraph.

(b) In all of the conditions covered
in § 3.218 (c), the thrust may be assumed
zero for simplicity. There atre many
computation procedures b¥ which these
.conditions can be satisfled. An example
.of a typical method is that given 11[1

Navy Specification S8-1A. In Figure
3-4- of this part, the maneuvering tail
load increment has been based on aver-
sge values of the ratio of airplane pitch-
ing inertia to overall length.

guirement are likely to be critical only
at speeds Vp and Ve
shown that at ¥V the specified down load
' condition is adequately taken care of by

.$3.216 (b). For these reasons, the con-
ditions of §3.216 ¢¢) need not be in-
vestigated at the speed Vo

[Supp. 10, 16 F. R. 3287, Apr, 14, 1951]

§ 3.216-6 Maneuvering conirol sur-
‘face loading figure 3-3 (b) in this part
(CAA policies whick apply to § 3.216),
(a) The curves on Figure 3-3 (b) in
' § 3.216 were derived as follows:

(1) The three curves A, B and C of
Figure 3-3 (b giving control surfaces
lpading vs. W/S ecorrespond to normal
:force coeflicients of 0.8¢, 0.70, and 0.55
‘respectively. These curves represent psf
‘loading obtained with the above normal,

-foree coeflicients acting at a design speed

“checked” back to zero deflection and |

dition occurring at this time (1.0 second) §

‘derlying detailed analysis for the condi~{:

. (1) For the down load case, a normalf

rent with a specified positive value of |
angular aceeleration. The forces acting

on the wing and down load on the tail’
L K|} should equal the weight of the airplane.
is assumed. To simplify the analysis

. {e) Conditions specified by this re-

Investigation has|

. §3.216 (a) and that the specified upload
condition is adequately taken care of by

‘of V» based on thé assumption of Ci,,
equals 1.5. )

(2) The basic computations for these
curves were as follows: :

TV =Veva
qy = 0.00266 V,'=0.00256 n ¥, ~
: WS o
P
Ve = 0.00256G , _

4 — ™ TS (W/85)
e cr‘mnx -1 .

iD= uﬂqﬂ:.fﬁ n(W/S)
1.6

. a4 wo2E Cn (W/8)
: 15

(3) These curves are all straight line
curves and can be extended as straight,
lines to give the correct pounds per:
square foot loadings on the surface on
the same basis as given above,
[Supp. 10, 16 F. R. 32687, Apr. 14, 1951]

§3.217 Gust loads. The horizontal
tail surfaces shall be designed for loads,
occurring in the following conditions:

(a) Positive and negative gusts of 30:
feet per second nominal intensity at
speed Ve, corresponding to flight condi-
tion § 3.187 (a) with flaps retracted.

NoTe: The average loadings of Figures
3-6 (a) and 3-6 (b) and the distribution-
of Figure 3~-9 may be used for the total
tail loading in this conditlon. -

(b} Positive and negative gusts of 15
feet per second nominal intensity at
speed V;, corresponding to fight condi-
tion § 3.190 (b) with flaps extended. In
determining the total load on the hori-
zontal tail for these conditions, the ini-
tial balancing tail loads shall first be de-
termined for steady unaccelerated flight
at the pertinent design speeds Ve and Vy,
The incremental tail Ioad resulting from
the gust shall then be added to the initial
balancing tail load to obtain the total
tail load.

Note: The incrementzl tall losd due to
the gust may be computed by the followlng:
formuzia: )

36a,
AT=01 EUVSa, (1_'"ij
where:
Af=the Umit{ gust load lncrement on
the tall in pounds;
K =gust coefficlent K in § 3.188, .
U=nominal gust intensity in feet per
second, :
V=airplane speed in miles per hour,
Sy—tall surface ares in sguare feet,
a;=slope of lift curve of tall surface,
C;, per degree, corrected for aspect
- ratlo, .
t,=slope of lift curve of wing, Cj per:
degree,
Ry,=aspect ratio of the wing.

§ 3.217-1 Gust loads; horizontal teil
surfaces (CAA policies which apply 1o
-§ 3.217). The specified up gust and
down gust load may be carried through
the fuselage structure to the wing at-
tachment points, assuming that the
fuselage load factor is equal to that

given by nnsitive and negative gusts of
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30 fps at V. respectively,  The angulaz
inertia forces in general produce reliev-
ing loads and may he taken into account!
Jf desired.. The attachments of concen—\
‘trated mass items in the rear portion:
I the fuselage may be critically loaded.
by pitching acceleration forees.
[Supp. 10, 16 F. R. 3287, Apr. 14, 1951}

§ 3.218 Unsymmetrical loads. . The
maximum horizontai tail surface loading
(Joad per unit area), as determined by

the preceding- sectlons shall be applied {

to the horizontal surfaces on one side of
the plane of symmetry and the follow-
ing percentage of that loading shall be
applied on the opposite side:
o, =100-10 (n-1) where:
n 15 the specified positive maneuver-
ing lead factor.

In any case the above value.shall not bef

greater than 80 percent.
. . VERTICAL TAIL SURFACES
§3.219  Maneuvering loads
‘speeds up to Vp.

(a) With the airplane in unaccelerated
,flight at zero yaw, a sudden displacement
- of the rudder control to the maximum

At all

deflection as limited by the control stops .

Yor pilot effort, whichever is cntma.l shall
be assumed.
Nore: The average loading of Figure 3-3

and the distribution of Flgure 3-8 may be
used.

(b) The airplane shall be assumed to
. be yawed to a sideslip angle ot 15 degrees
-while the rudder control is maintained
at full deflection (except as limited by
pilot effort). in the direction tending to
increase the the sideslip.

‘NoTE: The average loading of Figure 3-3'

and the distribution of Flgure 3-7 may be
used.

{¢) The airplane shall be assumed to be |
yawed to a sideslip angle. of 15 degreesil

while the rudder control is maintained in|
‘the neutral position (exeept as limited;
by pilot effort). The assumed sideslip
angles may be reduced if it is shown tha

the value chosen for a particular speed
cannot be exceeded in the cases of steady
slips, uncoordinated rolls from a steep
bank, and sudden failure of the eritical
engme with delayed corrective - action.

| Nore: The average loading of Figure 3-3

,‘'and the distribution of Figure 3-9 may be
used

§3.219-1 Vertical surface maneuver-
ing loads (CAA policies which apply to
§3.219). The specified maneuvering
leads may be applied to.the vertical sur-
faces and carried through the fuselage
[st;ructure to the wing attechment points,
Jassummg the lateral inertia load factor
jalong the fuselage structure as zero.
‘The wing drag bracing through the
fuselage should be analyzed for this con-
dition since the wings will furnish &
la.rge part of the resisting angular in-
lertia. Angular inertia forces on -the
'fuselage may be included if desired.
[Supp. 10, 16 F. R. 3287, Apr. 14, 1961]

§3.220 Gustionds. (a) Theairplane
shall be assumed to encounter a gust of
30 feet per second nominal intensity

cal surface area.

| tical surfaces by end plate effects,
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notmal to the plane of symmetry while

in unaccelerated fight at speed Ve.
(b) The gust loading shall be com-}
puted by the following formula:
— KUVm
=B
where:

pounds per square foot,
. 4.
= e, 35t
K= 1.83- W /5,077 except that X shall

not be less tha.n 1.0, A value of K
‘obtalned by rational determination
. may ke used,
U= nominal gust tntenstty in feet per
‘second,
V= airplane speed fn miles per hour,
m= slope of lift curve of vertical surface,
Cp per radlan, corrected or aspect
- ratio,
W= design welght in pounds,
S, = vertical surface area in square feet.
(¢) This loading applies-only to that
portion of the vertical surfaces having a
well-defined leading edge.
" Nowe: The average loading of Figure 3-8
and the distribution of Figure 3-9 may be
used.

§ 3.220-1 Gust loads; vertical tail sur-
faces (CAA policies which apply to
§ 3.220).
§ 3.220 was.derived from, the K factor for
vertical gusts (§ 3.188) on the assump-
tion that the effective area of the air-
plane for lateral gusts is twice the verti-
Substituting 28, in
place of S in the formula of § 3,188, we

obta.m
K=1.aa——'—-
eA
CX
S aBo
=133—7%
AN

(b) "The specified gust loads may be
applied to the vertical surfaces and car-
ried through the fuselage structure to

the wing attachment points as described.
' in § 3.219-1.

[Supp. 10, 16 F. ‘R. 8287, Apx‘ 14, 1951]

§$8.221 Outboard fins.
board fins are carried on the horizontal

tall surface, the tail surfaces shall be
designed- for the maximum horizontal |
surface load in combination with the }.

corresponding loads induced on the ver-
Such
induced effects need not he combined
with other vertical surface loads. When
outhoard fins extend above and below
the horizontal surface, the critical verti-
cal surface loading ¢load per upit area¥
as -determined by §$3.219 and 3.220
shall he applied:

(&) "To the portion of the vertical sur-
faces above the horizontal surface, and
80 percent of that loading applied to the
portion below the horizontal surface,

(b) To the portion of the vertical sur-
faces helow the horizontal surface, and
80 percent of that loading applied to the
portion above the horizontal surface.

ATLERONS, WING. FLAPS, TABS, ETC.

§3.292 Adileroms. (a) In the sym-
metrical flight conditions (see §§ 3.183-

-(a) The K factor specified in}

When' out-

3.189), the ailerons shall be designed for
.all Ioads to which they are subjected
‘while in the neutral position,

(b} In unsymmetrical flight condi-
tions (see § 3.191 (a)}, the ailerons shall
be designed for the loads resulting from

‘the following deflections except as lim-

w= average limit  wunit -pressure 1n ited by pilot effort:

(1) At speed Vyp it shall be assumed

¥ that there occurs a sudden maximum

displacemernt of the aileron control
_(Suitable allowance may be made for
‘control system deflections.).

(2) When V. is greater than Vs, the
nileron deflection at Ve shall be that re-
quired to produce a rate of roll not less
than that obtained in condition (1).

(3) At speed Vg the aileron deflection
shall be that required to produce a rate’
of roll not less than one-third of that
which would be obtained at the speed
and aileron deflection SDEClﬁed in condi-
tion (1).

Nore: For conventiona! a.ilerons, the de-
flections for conditions (2) and {3} may he

- computed from:

Vo _ 05V,
a:—?;sl. and ,ss_.‘ A7 8 4
where: ’ ’

'§,=total aileron deflectlon (sum of both
atleron deﬂecttons) in condition
(1y.

S:=total atleron deflection in condl-
tion (2).

sa=total defiection in condition (3) In
the equation for 5 the 0.5 factor
1s used tnstead of 0.383 to allow for
.wing forslomal flexibility. -

{e) The critical loading on the ailerons'

should occur in condition (2) if Ve is
less than 2V, and the wing meets the
torsional stiffness criteria. The normal
force coefficient Cw for the ailerons may
be taken as 0.045, where 8 is the deflec-
tion of the individual aileron in degrees.

[ “The critical condition for wing torsional

loads will depend upori the basic airfoil
-moment coefficient .as well as the speed,
'and may: bE determined as follows:

= (Cni= O153) Ve
. (Cop— 0152, Vo*
Lwhere
T3/ Te is the ratio of wing torsion in
condition (b) (3) tothat in conditlon
(b} (2).
2, and §s, are the down deilections of
the individuel aijleron in conditions
(k) (2) and (3) respectively.

- (d) When Tz/T2 is greater than 1.0
condition (b) (3} is critical, when Tz/Ta

is less than 1.0 condition (b} (2} is erit-’

ical.

(e} In lieu of the above ra.t.mnal con-
ditions the average loading of Figure 3-3
and the distribution of Flgure 3-10 may
be used. .

" §3.223° Wing flaps. Wing flaps, their

operating mechanism, and supporting’

structure ghall be designed for crifical
loads oceurring in the flap-extended

flight conditions (see § 3.180) with the.

flaps extended to any position from fully
retracted to fully extended; except that
when an’ automatic flap load limiting
device is employed these parts may be
designed for critical combinations of air
speed and flap position permitted by the
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‘device, (Also See §§3.338 ‘and 3.339.)
‘The effects of propeller slipstrearnh corre-

sponding fo take-off power shall bef

itaken into aceount at an airplane fpeed
‘of not less than 1.4V. where Vs is the
conmiputed stalling speed with flaps fully
retracted at the desizn weight. For in-
vestigation of the slipstream condition,
the airplane load factor may be assumed
to be 1.0,

'$8.223-1 Wing flap load distribution
(CAA policies which apply 10 § 3.223). A
trapezoidal chord load distribution with
the leading edge twice the frailing edge
loading is acceptable.

however, it is recommended that the sup-
‘porting strueture zlso be desighed to

. "withstand a down load equal to 25 per=

eent of the up load.)
‘[Supp. 10, 16 F. R. 3288, Apr. 14, 1961] _

$3.224 Tabs. Control surface tabs
'shall be designed for the most severe
combination of air speed and tab deflec-
tion likely to be obtained within the
limit V-n diagram (Fig. 3-1) for any
usable loading condition of the airplane.

§3.224-1 Trim tab design (CAA poli-
c'zes Awhich, apply- to’ §3224) (a) To
provxﬂe ruggedness ‘and for ‘emergency
use of tabs; it is recommended that trim
tabs, their attachments and actuating
meéchanism be desighed for loads corre-

“sponding to full tab deflection at speed
Ve with main surface neutral; except{

that the tab deflection need not exceed
that which would produce a hinge mo-
ment on the main surface corresponding
to maximium pilot effort. ’

(b) A trapezoidal chord load distri-
bution with the loading of the leading

edge twice that of the trailing edge isjy

acceptable.

‘[Supp. 10, 16 F. R, 3288, Apr. 14, 1851]

§3.225 Special devices. The loading
for special devices employing aerody-

. namic surfaces, such as slots and spoil-

ers, shall be based on test data.
CoNTROL SYSTEM LOADS

§3.231 Primary flight controls and)

systems. (a) Flight confrol systems
and supporting structures shall be de-.
siened for loads corresponding to 125
percent of the computed hinge moments
of the movable control surface in the

‘conditions prescribed in §§ 3.211 f¢ 3.225,

subject to the foIiowmg maxima. and
minima.;

(1) The system Iimit loads need not

.exceed those which can be produced by

the pilot and automatic devices operat-
ing the controls.

(2) The loads shall in any case bﬂ
sufficient to provide a rugeged system for
service use, including consideration of;
jameming, ground gusts, taxying tail tcu
wind, control inertia, and frietion.

(b) Acceptable maximum and mini-;
mum pilot loads -for elevator, aileron,
and rudder controls are shown in Figures

'3-11. These pilot loads shall be assumed

to act at the appropriate control grips ot
pads in a manner simulating fitght con-|
ditions ‘and to he reacted af. the alfach-]

(Note that thesei,
‘loadings apply in the up direction only;

ments of the control system to the con-:
‘trol surface horn.

§3.231-1 Hinge moments (CA4 pol~
icies which apply o § 3.231 (a)). The
125 percent factor on computed hinge.
moments provided in § 3.231 (a) need be:
applied only to elevator, aileron and rud-|
Fder systems. A factor as low as 1.0 may
be used when hinge moments are based

tion will depend to an extent upon the;

Small scale wind tunnel data are gen-f
erally not reliable encugh to warra.nm

elimination of the factor. If a.ccurate
flight test data are used, the factor may
be reduced to 1.0.

[Supp. 10, 16 F. R. 3288, Apr. 14, 1651]

§3.231-2 Swysiem limit loads (CAA

(a) When the autopilet is acting in con-
junetion with the human pilot, the auto-
pilot effort need not be added to human
pilot effort, but the autopilot. effort
should be used for design if it alone can
produce greater contrel system loa.ds
than the human pilot. .

position to the autopilot, that portion of |

{Supp. 18, 16 F. R. 3288, Apr. 14, 1851}

tems on two-control airplanes (CAA pol-
icies which apply fo § 3.231). (a) With
respect to interconnected control sys-
tems such as in two control airplanes, the
following is recommended in showing the
“same level of safety” specified in § 3.10.

(1) If, in the case of two or more
interconnected control systetns, the con-
trol wheel or stick forces due to combined'
‘gontrol system loads resulting from air
loads on the contrel surfaces are less

3-11 of this part, each control system
from the interconnection to the control’
surface should be designed for minimum
pilot effort on the control wheel or stick

corporated into the system.

. (2) If the control wheel or stick forees
due to combined control system loads
‘resulting from air loads on the control
surfaces are in excess of the maximum

part, it is considered permissible to di-
'vide the maximum pilot effort loads in
'the control systems from the peint of
‘Interconnection to the control surfaces:

;in proportion to the control surface air

Joads. Howeéver, the load in each such
‘control system should be increased 25
;percent to allow for any error in the
determination of  the control surface

: loads but in no case need the resulting

soads in any one system exceed the total
pilot effort, if the pilot effort were ap-
blied to that system alone, In any case,
the minimum load in any one system
ishould be no less than that specified in
subparagraph (1) of this paragraph.

(X

;[Supp. 10, 16 F. R: 5288, Apr. 14, 1961]

accuracy and reliability of the data.

policies which apply to § 3.231 (@) ().}

"(b) When {he human pilot acts in op- ‘

the system between them should be de-]
signed for the maximum effort of human
pilot or autopilet, whichever is the lesser. {

§ 3.231-3 Interconnected control'sys-_

‘than the minimum prescribed in Figure |

in order that sufficient ruggedness be in- |

forces prescribed in. Figure 3-11 of thig

L amended by Amdt 1, 14 F

§3.232 Duai controls, When dual

! controls are provided, the systers shall

be desigried for the pilots operating in
opposition, -using individual pilot loads
equal to 75 percent of those obtained in
accordance with § 3.231, except that the
individual pilot loads shall not be less
‘than the minimum  loads specified in

Figure 3-11.
{on test data; however, the exact reduc- [}

§3.233 Ground gust condiltions. (a)

.The following ground gust conditions
shall be investigated in cases where a-
-deviation from the specific values for-

‘minimum control forces listed in Figure
3-11 is applicable, The following con-
L ditions are intended to simulate the load-
ings on control surfaces due to ground-

'gusts and when taxying with the wind.

(b) The limit hinge moment H shall .
be obtained from the following formula: -

H=K.Sq
where: '
- H=limit hinge moment (foot-
© pounds).

¢= mean chord of the control sur-
face aft of the hinge line
(feet).

S=area of control surface aft of the
hinge line (square feet).
g=dynamic pressure . (pounds .per
" . square foot) to be based on a
design speed- not less than
10VW/S+10 miles per hour,
except that the design speed
need not exceed 60 miles per

hour.
K={factor as speclﬂed below

- Surface ) DK
(&) Alleron e mwsmne—m—— 40,958

Control column locked or lashed
in mid-position.

Surfase K
[N ¥ 1310 o L —— =+0. 50
- Allerons at full throw; + moment
on one ailercn, — moment on
the other.
{cy {d) Elevator i~ +0.76

Elevater (¢) full up (—), and (d)
" full down {+).
{e) (f) Rudder o _____ =+=0.78
Rudder-(e) in neutral, and (f) at
full throw.

(¢} As used in paragraph (b) in con-
nection withh ailerons and elevators, a

Cpositive value of K indicates 2 moment

.tending to depress the surface while a
negative value of K indicates a moment
tending to raise the surface.

§3.233-1 Ground gust loads (CAA
policies whick apply to § 3.233). * Section
.3.233 requires ground gust loads to be in- -
vestigated when a reduction in minimum
pilot effort loads is desiréd. In such
cases the entire system shall he investi-.
‘gated for ground gust loads. However,
in instances where the designer desires
to investigate ground gust loads without.
‘intending to reduce pilot effort loads, the
ground gust load need be carried only
from- the control surface horn to the
nearest-stops or gust locks, including the'
stops or locks and their supporting strue-
tures,.

ISupp. 1, 12 F. R. 3436, May 28. 1947, as
. 38, Jan. 5,
1949
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§8.234¢ Secondary controls and 3ys-
-tems. Secondary cortrols, such as wheel
brakes, spoilers, and tab controls, shall
-be designed for the loads based on the
maximum which a pilot is likely to apply
‘to the control in question,
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to four wheel type alighting gear showld
result in a satisfactory design. It is sug<
ge'sted however, that sufficient landing
and taxiing tests be conducted to deter-
-mine the suitability of the landing gear
design and configuration. Since higher'
Apeed turns should be possible with &

except that the descent velocity need not:
exceed 10 feet per second ahd shall not

| be less than 7 feet per second., Wing

lift not  exceeding two-thirds of the
weight of the airplane may be assumed

to exist throughout the landing impact

and may be a.ssumed to act through the.

Liyrr PiLot LoADS

Control

lgss then 5,000 Ibs.!

Maximum loads for deslgn weight W equal to or

Minimum loads 2§

- 87 ounds.

in-pounds 1.

unds, .
n-poundsé
100 pounds. ’

100 pounds.
130 pounds,

1 For degign welght W

with weight to 1.5 times tﬁr
# If the design of any Indivi

gaclﬁecl valuss at a design weight of 25,000

eater than 5,000 pounds the above specified maxizémm values shall be Incremed linearly

unds
al sat of control systems or surfaces 1s such as te make these specified minimum loads

Inapplicable, values corresponding to the pertinent hinge moments obtained ageording to § 3.233 may be used instead, -

exce t thiat in any case valuesless than 0.6 of the Specified minimum loads shall not be employed.

e critical portions of the aileron control system shall also be de:

. value equal to 1.25 times the couple force determined from the above eriteria.

# D=wheel diamets |:'

signed for a single tangential force bhaving a Umit’

FIG -3-11—PILOT CONTROL FORCE LIMITS

(GROTND LOADS

43241 Ground loads. "The Iloads
specified in the following conditions shall
he considered as the external loads and
inertia forces which would oceur in an
airplane structure if it were acting as a

rigid body. In each of the ground load}

conditions specified the external reac-.
tions shall be placed in equilibrium with
the linear and angular inertia forees in
a rational or conservative manner,

§ 3.241-1 Four-wheel type .alighting
gears (CAA policies which apply 1o
§ 3.241). At present, little operational
data or other information are available-
on which to base requirements for air-
planes equipped with four wheel type
alighting gears. The following-is sug-
gested for applying the reguirements off
this part to aircraft equipped with four;
wheel type alighting gears.

{a} The provisions of §§ 3.241 through'
3.256, except for the following, should be;
considered applicable: §§ 3.245 (a), 3 246!

" ¢a), and 3.250 through 3.252.

(b) The conditions as specified m=
§§3.245 (b) (2), 3246 (b), 3.247 and
/3.249 should be considered apphcable to
four wheel type gear without modifica-
tion, the rear wheels being conszdered the.
main gear.

{¢) The landing conditions specxﬂed in
§ 3.245 (b) (1) should be modified by di-
viding the total required load on the for-
ward gear between the two wheels, 60.
percent to one wheel and 40 percent to
‘the other,

{d) The requirements of § 3.253 should
be modified by applying the required
loads simultaneously to the two front
wheels, 120 percent to cne wheel and 80
percent to the other. (Note that this.
gives an 80-40 percent distribution of the
"total load on the front gear.}

(e) It is believed that the method oié]

‘applying the requirements of this par
for single nose wheel type alighting gear

four wheel aircraft than w1th one having
& conventional tricycle gear, it is believed
that provision should be made to include
high speed turns in the taxiing fest pro-
grams of all four wheel aireraft.

a.hghting gear is also designed for road-
Lability, i. e, for use as an automobile,
‘which is usually the case, the design of
the alighting gear in accordance with ap-
plicable motor vehicle design require-
ments is acceptable, provided it can he
shown that these requirements fully
cover the.afrworthiness requirements of
the regulations in this subchapter.

‘[Supp. 10, 16 F. R. 3288, Apr. 14, 1961}

§3.242 Design weight. The design
weight uSed in the landing conditions
shall not be, less than the maximum
weight for which certification is desired:
Provided, however, That for multiengine
airplanes meeting the one-engine-inop-
fierative climb requirement of § 3.85 (b),
‘the airplane may be designed for a de-
sign landing weight whigh is less than
the maximum design weight, if comph-I
ance is shown with the following sections;
of Part 4b of this subchapter in lieu of!
the corresponding requirements of this'
part: the ground load regquirements 01’|
§ 4b.230, the landing gear requ1rementsl
of §§ 4b.331 through 4h.336, and the fuel
jettisoning system requirements of:
§ 4b.437. ‘
[Amd$. 03-0, 11 F. R, 11374, Nov. 9, 1948, a.s|
amended by Amdt. 3-9, 17 F. R. 11631, Dec
20, 1852]

8 3.243 Load jfuctor for landing con-‘
ditions. In the following landing con-
ditions the limit vértieal inertia load fac-
tor at the center of gravity of the air-
piane shall be chosen by the designer
Rut shall not be less than the value which
would be obtained when landing the air-
plane with a descent velocity, in feet per
second, equal to the following value:

V=44 (W/S)t

(1) If an sircraft with four wheel type.

mrplane centér of gravlty When such
wing lift is assumed, the ground reaction
load factor may be taken equal to the
inertis load factor minus the ratio of the
.assumed wing 1ift to the airplane weight.
(See § 3.354 for requirements conecern-
ing the enerzy absorption tests which
determine the limit load factor corré-
sponding to the reguired limit descent
velocities.). In no case, however, shall
ithe inertia load factor used for design
ipurposes be less than 2.67, nor shall the
limit ground reaction load factor be less
than 2.0, unless it is demonstrated that
lower values of limit load factor will not
be exceeded in taxying the airplane over
terrain having the maximum degree of
roughness to be expected under intended
‘service use at all speeds up to take-off
speed.

LANDING CASES AND ATTITUDES

_ §3.244 Landing cases and aiiitudes.
For conventional arrangements of main
' and nose, or main and tail wheels, the
airplane shall be assumed to contact the
.ground at the specified limit vertical ve-
Jdocity in the attitudes described in
§§ 3.245-3.247.  (See Figs. 3-12 (a) and
3-12 (b) for acceptable landing condi-
tions which are considered to confofm.
with §§ 3.245-3.247.)

§3.244-1 Landing cases and atti-
tudes (CAd policies which apply to
§ 3.244). - The supporting siructure as
well as the landing gear itself should be
capable of withstanding the loads occur-
ring at the critical extension of the shock
struts in-accordance with Note (2) of
Figure 3-12 (a) in § 3.245-1. ’
‘[Bupp. 10, 16 F. R. 8286, Apr. 14, 1951]

§ 3.2456 Level landing—<a) Tazl wheel
‘type. Normal level flight attitude.

(b) Nose wheel type. Two cases shall
.be considered:
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(2) Main wheels contacting tné
ground, nose wheel just clear of the.
ground. (The angular attitude may be
assumed the same as in subparagraph
(1) of this paragraph for purposes of’
analysis.)

(¢) Dreg components. In this condi-
tion, drag components simulating the
forces required to accelerate the tires
and wheels up to the ianding speed shall’]
be properly combined with the corre-
sponding instantaneous vertical ground

‘reactions. The wheel spin-up drag loads

may be based on vertical ground reac-

.tions, assuming wing lift and a tire-
-sliding coefficient of friction of 0.8, but

in any case'the drag loads shall not be
less than 25 percent of the maximum
irlertica.l-gmund reactions neglecting wing
lift. )

§ 3.245-1 Wheel spin-up loads (CAA

T policies which apply fo §3245). (a)

Section 3.245 requires that spin-up loads,
be taken into account in struetural de-

arbitrary drag loads for this purpose.

(b) If it is desired to use a method
more rational than the arbitrary dragi
components referred to in §3.244 in
determining the wheel spin-up loads for
landing conditions, the Adminjstrator.

signs, Section 3.244 permits the use of
JFrngr=maximum rearward horizontzl

- will accept the following method from
‘NACA T. N. 863 for this purnose (how-
ever, the minimum drag component of
0.25 times the vertical component will
&till apply) : .

"1\ [Fla(Va—Ve) #Fymar

FAmaz™=Te tz

where

force acting on the wheel-
pounds.

re=effective rolling radius of wheel
under impact-feet bhased on
recommended operating tire

J Tail wheel type Nose wheel type
Condition : Level landing
Level | Tail-down %’?ff!i;%?n“ﬁ with nose wheel| Tail-down
landing lending renctions jusgtrg}]egs of landing
Reference section . .. o ooseeiioameoons 1 §3.245 (a) | §3.230 () | §3.245 (b) (1), | § 3. 245 (b) () | §3.246(b){e)
ertiea' component A% €. fuwecemcaamaenas aW (274 nWw nW W
For and aft componet 8L ¢ B oomo oo FaW 0 KEnW HnW [
Yatersl component in either direction ate. 2. [u} 4] ) (] 4] ]
Shock absorber extension (hydraulic shock
T 2 Ly D Note (2) | Note (2) Nots (2) Note {2) Wote (2)
8hock sbsorber deflection (ttibber or spring
ock absorber) 100% 100% 100, 100% 100%
Tire deflection, Statie Statle . .;}Btlu( Btatic Static
Main wheel loads (hoth wheels) ... . _,%3’ 2 WDf cui i “‘Z?Vdi E{’;V ”“5
: s RWB G 0
Tail {nose} wheel loads. { Iy : g ”Wa"% K"‘d;} o g ;
NOLOS - - oo e am e eimmmm i mm e {1} 80E (B) femcmecamae NG E (1) and (3) 3}

Nots {1).—K ma¥ be determined as follows: K=0.25 for W=3,000 pounds or less; K'=0.33 for 1W=8,000 pounds or

grester, with linear vorintion of K
of design, the zximum Joad factor shall be assumed to occur jhrnughout the shock
tion to 100 percent deflection ymless demonsirated otherwiss, an

< NOTE {2).~For the purpose

ahsorber stroke from 25 percent deflec

‘shall be nsed with whatever sh

TAIL
SEE NOTE 3

TaNK

TAIL DOWN LANDING

WHEEL TYPE

QRGUND LIKE
(BEE NOTE I

between these weights.

the load factor

ock ansorber extension is most eritieal for each element of the landing gear.
Nore (3. —TUnbalanesd mements shall be balanced by a raticnal or conservative method.

FIG. 3-12(c)—BASIC LANDING CONDITIONS

NOSE WH

INCLINED

EEL TYPE

LEVEL LANDING WITH

REACTIONS

JUST GLEAR

FIG. 3
BASIC LANDI

-i2{b)
NG CONDITIONS

SEE NOTE 3

TAN'®

LEVEL LANDING WITH NOSE WHEEL

OF GROUND

@
NOTE; SEE % 3.246 (b}
TAIL DOWN LANDING
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pressure <{(may be assumed
equal to the rolling radius un-
der a static load of n;We).

Is=rotational mass moment of iner-.}
tia of rolling assembly slug:
feet required. - j

Va=linear velocity of airplane par-]
allel to ground at instant of |
contact, assumed 1.2V, in i
feet per second.

V.=peripheral speed of tire if pre-'
rotation is used (feet per sec-
ond)—a positive means of |
pre-rofation should be pro-l
vided before pre-rotation can |
be considered. i

n=¢ffective coefficient of friction; :

. 0.80 is acceptable.
Fymaz=maximum vertical f6réé on wheel
(pounds) =n,W., where W. and
n; are defined in §§ 3.353 and
3.354.
t:=time interval between ground
contact and attainment of

maximum vertical force on}

wheel (seconds). If the value
of Famax from the above equa-
tion exceeds 0.8Fvymax, the lat-
ter value should be used for
Famax.

: NoTm: This equation assumes a linear vari-
atlon of load factor with time until the peak
load is reached and under this assumption
determines the drag force at the time that
the wheel peripheral velocity at radius 7,
,equals the alrplane veloeity.. Most shock
.absorbers do not exactly follow a linear vari-
atfon of load factor with time, Hence, ra-
tional or conservative allowances should be

made to compensate for these variations. |

On most landing gears the time for wheel
spin-up will be less than the time required
to develop maximum vertical load factor for
-the gpecified rate of desceni and forward
velocity., However, for exceptlonally large
wheeis, & wheel peripheral velocity equal &b
the ground speed may not have been at-
tained at time of maximum vertical gear
toad. This case {s covered by the statement
.above that the drag spin-up lozd need not,
.exceed 0.8 of the maximum vertical load.

(¢) Dynamiec spring-back of the land-
ing gear and adjacent structure at the
instant just afier the wheels come up to
speed may result in dynamie forward
acting loads of considerable magnitude.
This effect may be simulated in the level
landing condition hy assuming that the
wheel spin-up loads are reversed. Dy-
namic spring-back is likely to be critical .

‘only for landing gear uniis having:
‘wheels of large mass supported by rela.-
tively flexible cantilever struts.

(d) The arbitrary drag loads referredi
to in § 3.244 (Fig, 3-12) are usually sufi-!
client to provide for wheel spin-up ex-|
cept for airplanes having large diametey!
wheels or high stalling speeds. For the
latter, it is recommended that a more
‘rational investigation, such as that de-
Seribed above, be made.

J{Supp. 1, 12 F. R. 3436, May 28, 1947, as
amended by Amdt. 1, 14 F. R, 36, Jan. 5, 1949]

§3.245-2 Level landing inclined reae- |,
tion resultant (CAA policies which apply
o §3.245). In Figure 3-12 (b} in
§ 3.245-1 the level landing inclined reac-

41 type.
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to pass through the wheel axles.

' [Supp. 10, 16 F. R. 3288, Apr. 14, 1951}

-§3.246 Tail down—(a) Tail wheel
Mazin and tail wheels contacting,
ground simultanecusly.

(b) Nose wheel type. Stalling atti-
tude or the maximum angle permitting
clearance of the ground by all parts of
‘the airplane, whichever is the lesser.

(e} Vertical ground regetions. Inthis
condition, it shall he assumed that the
‘ground reactions are vertical, the wheels
having been brought up to speed before

i the maximum vertical load is attained,

§ 3.247 One-wheel landing. Oneside
of the main gear shall confact the
ground with the airplane in the level
attitude. The ground reactions shall be
the same as those obtained on the one
side in the level attitude. (See § 3.245.)

CROTND ROLL CONIITIONS

§3.248 Braked roll. The limit ver-
tical load factor shall be 1.33. The atti-
tude and ground contacts shall be those
deseribed for level landings in § 3.245,
with the shock absorbers and tires de-
flected to their static positions. A drag
reaction egual to the vertical reaction at
the wheel multiplied by a coefficient of
friction of 0.8 shall he applied at the
ground contact peint of each wheel ha.v-

ing brakes, except that the drag rea.ctlon
need not exceed the maximum value
based on limiting hrake torque.

§3.249 Side loed. Level attitude
with main wheels ‘only contacting the
ground, with the shock absorbers and
tires deflected to their staiic positions.
The limit vertical load factor shall be
1.33 with the vertical ground reaction
divided equally between main wheels,
The limit side inertia factor shall be 0.83
with the side ground reaction divided be-
tween main wheels as follows:

0.6W acting inboard on one side.

TAIL WHEELS

§3.250 Supplementary conditions for
tail wheels. The conditions in §§ 3.251
and 3.252 apply to tail wheels and af-
fected supporting structure.

§ 3.251 Obstruction load. The limit
‘ground reaction obtained in the tail down
landing condition shaill be assumed to act
tlup and aft through the axle at 45 de-|
grees. ‘The shock absorber and tire may}
-be assumed deflected fo their static posi-|
‘tions. i

§3.252 Swude load. A Hmit vertical’
ground reaction equal to the static load:
on the tail wheel, in combination with a;
.side component of equal magnitude.!
[ When a swivel is provided, the tail wheel’
shall be assumed swiveled 90 degrees to
the airplane longitudinal axis, the result-
rant ground load passing through the
axle. When a lock steering device or
slummy damper is provided, the tafi
‘'wheel shall also be assumed in the trail-i
[ ing position with the side load acting ai

.tion resultant for both tail wheel and

the ground contact point. The shock’

nose wheel type landing gears is assumed }

-affected

skiplanes.

“glide.

¢.33W acting outboard on the other side. ’

absorber and tire shall be assumed de-
fleeted to their static positions.

NOSE WHEELS

§ 3.253 Supplementary conditions for

nose wheels. The conditions set forth in
§§ 3.254-3.256 apply to nose wheels and
supporting  structure., The
shock absorbers and tires shall be as-
sumed deflected to their static positions.

§3.254¢ Aft logd. Limit force com-

‘bonents at axle:

Vertical, 2.25 times static load on wheel,
Drag, 0.8 times vertical load.

§3.265 Forward load. Limit forece

components at axle:

Vertical, 2.25 times static load on wheel,
Forward, 0.4 tlmes vertical load.

§3.256 Side load. -Limit force com-
porents at ground contact:

Vertical, 2.25 times static load on wheel,
Side, 0.7 times vertical lead.
SKIPLANES

§ 3.257 Supplemeniary conditions for
The airplane shall be as-
sumed resting on the ground with one

.mezin ski frozen in the snow and the

other main ski and the tail ski free to

shall be applied at the most convenient
point near the tail assembly, where P
is the static ground reaction on the tail

‘ski. For this condition the factor of

safety shalt be assumed equal to 1.0,

§ 3.2587-1 Type certification of skis
(CAA policies which apply to § 3.257).
Type certification of skis is not contin-
-gent upon compliance with § 3.257 which
applies to skiplanes only.

[Supp. 10, 16 F. R. 3288, Apr. 14, 1651]

§3.257-2 Supplementary conditions
for skiplanes (CAA policies which avply
10 § 3.257). (a) The following materiat
outlines acceptable supplementary
structural eonditions for skiplanes with
a tricycle type gear, in order to show

“the same level of safety” under § 3.10. ..
(1) To provide adequate strength for.

normal landing, taxiing and ground han--

‘dling conditions for skiplanes equipped

with a tricycle gear, a limit torque equal

to 0.667TW foot pounds should be sep-

arately applied about the vertical axis
through the centerline of each main ped-
estal bearing of each main geayr, W being
the maximum design weight of the air-
plane in pounds.

{2) For the nose gear, a limit torque
equal to 1.333WH foot pounds should be

Separately applied about the vertical axis

through the centerline of thé nose gear
pedestal bearing, where X is the ratio of
the nose gear ground reaction (total of
both sides), as determined from § 3.245
(b) (1}, proper account being taken of
the increase of load on the nose gear due

‘to pitching of the airplane.

" (3) In the case of a steerable nose

gear, the limit torque on the nose gear -
need not exeeed the pilot effort.

(b) An ultimate factor of safety of 1.5
should be applied to the limit torgues

A limit side force equal to P/3.

N
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specified in paragraph (a) (1), (2) and
(3) of this section.

[Supp. 10, 16 F. R. 3288, Apr, 14, 1951]
§ 3.257-3 Factor of safelty of 1.0

..(CAA policies which apply to § 3.257)

(a) The load P/2 in § 3.257 is considered
an ultimate loading. Therefore the fac-
tor of 1.0 is considered an ultimate factor.
{Supp. 10, 16 F. R. 3288, Apr. 14, 1951]

WATER LoaADS

§3.265 Water load condifions. The.

‘structure of boat and float type sea-

planes shall be desighed for water loads
developed during take-off and landing
with the seaplane in any attitude likely
to occur in normal operation at appro-
priate forward and sinking velocities
under the most severe sea conditions:
likely fo be encountered. Unless a more:
rational analysis of the water loads is
perfarmed, the requirements of 8§ 4b.251
through 4b.258 of this subchapter shail
apply.

. [Amdt. 3-7, 17 F. R. 1086, Feb. 5, 1852]

§ 3.265-1 Float loads (CAA policies.
which apply to §3.265). (a) Floats

‘'which are presently certificated on the

basis of Part 4a of this subchapter in’
effect prior to November 9, 1943, are
considered satisfactory siructuraliy for
installation on airplanes which are de-
signed in accordayce with this part,

(b) New float designs which are sub-
mitted for approval should be investi-
gated for the structural design require-
ments of this part. )

{Supp. 10, 16 F, R. 3288, Apr. 14, 1951, as
amended by Supp. 14, 17 . R. 8066, Oct. 11,
1952}

§ 3.265-2 Water loads; aliernaie

standards (CAA policies which apply to

5§ 3.10 and 3.265). ANC-3 provides a
level of safety equivalent to, and may be
applied in lieu of § 3.265.

[Supp. 14, 17 F. R. 066, Oct, 11, 1952]

SUBPART D-—DESIGN AND CONSTRUCTION
Sounce: §§3.291 to 3.401 contained in
Civil Alr Regulations, Amendment ©¢3-0, 11
F. R. 13882, Nov, 9, 1946, except as otherwise
noted.
GENERAL

§3.291 Genergl. The suitability of
all guestionable design details or parts
having an imporiant bearing on safety in
operation shall be established by tests,

§3.292 DMaterials and workmonship.
The suitability and durability of all ma~-
terials used in the airplane structure
shall be established on the basis of expe-
All materials used in
the airplane structure shall conform to
approved specifications which will insure
their having the strength and. other

properties assumed in the design data.

All workmsnship shall be of a high fi

standard.

§ 3.293 Fabricetion methods. Thel
methods of fabrication employed in con-|
structing the airplane strueture.shali be

suchfas to produce consistently sound|]

struc.ture When. 4 fabrication process
such ‘as-gluing, spot welding, or heat-|

treating requires close control to attain
-this objective, the process shall be per-
‘formed in accordance with an approved
process spec!ﬁcatlon . \

§3.204 Standard fastemings.  All
.bolks, pins, screws, and rivets used in the
structure shall be of an approved type.
The use of an approved locking device or

method is required for ali such bolts|

pins, and screws. Self-locking nuts
:shall not be used on bolts subject to ro-
‘tation during the operation of the
airplane,

§ 3.395 “Profection. All members of

| the structure shall be suitably protected]
against deterioration or loss of strengthl}.

in service due to weathering, gorrosion,
abrasion, or other causes. In seaplanes,

sbecial precaution shall be taken against!

corrosiont from sall water, particularly
'where parts made from different metals
are in close proximity. Adecuate provi-
sions for ventilation and drainage of all
parts of the siructure shall be made.

§ 3.296 Inspection provisions. Ade-
quate means shall be provided to permit

' the close examination of such parts of

the airplane as require periodic inspec-
tion, adjustments for proper alignmentfi
and functioning, and dubrication of mov-
ing parts. . .
STRUCTURAL PARTS

§ 3.301 Maglerial strengih properties
and design values, Material strength
properties shall be based on a sufficient
‘number of tests of material conforming
to specifications to establish design val-
ues on a statistical basis. The design
valiues shall be so chosen that the prob-
ability of any structure being under-
strength because of material variations
is extremely remote. Values contained
in ANC- 5, ANC-T8, and. ANG228;
Parf"ﬂ

. Nom: ANC-S5, “Strength’ of Metal Atreraft
Elements,’” ANC-18, “Design of Wood Aircraft.
Structures,” and ANC-28, “Sandwich Con=-
struction for Aircrafi,” are published by the’
Subcommittee on Alr Force-Navy-Civil Alr-
craft Design Criteria, and may be obtained
from the Superintendent of Documents,
Government. Printing Office, Washington 25,

D.C. . . .

§ 3.301~1 Design properties (CAA pol-
icies which apply to § 3.301). {a) With
reference to section 5.00 of ANC-5,
Amendment No. 1, allowable design

property columns headed “Army-Navy” |

represent design properties which will be

equalled or exceeded by the properties |

‘possessed by approximately 90 percent of
the material. All other allowable design

property columns relate to the minimam J.

guaranteed properties and are based on
Yalues given in the various material
specifications. The Administrator will
permit uses of these design properties as

ioutlined in subparagraphs (1) and <2)

of this section, based on the objectives of
§ 31%1'1?1 the case bf strilctires wnerethe.
applied loads are eventually distributed
‘through single members within an as-
isembly, the failure of which would result
1in the loss of the structural integrity of
:the component inyvolved, the guaranteed
jminimum design mechanical properties |
‘Tisted in ANC-5 shall be used.

Notr: Typical examples of such items are:

1, Wing lift struts.

2. Spars in two-spar wings,

3, Sparcaps in regions suck as wing eui-
outs and wing center sections where loads
are transmitied through caps only.

4, Primary attachment fittings dependent
on single bolts for load transfer.

(2) Redundant structures wherein
partial failure of individual elements
would result in the applied load being
safely distributed to other load carrying
members, may be designed on the basis of
the “20 percent. probability” allowable.
Note: Typical examples of such items are:
1. Sheet-stiffener combinations.

2. Multi-rivet or multipie bolt connections.

(b) Certain manufacturers have indi-
cated a desire to use desigh value greater
than the guaranteed minimums even.in.
applications where only suaranteed
aminimum values would be permitted un-
der paragraph (a) of this section, and.
ihave advocated that such allowables
‘be based on “premium selection” of the
material. Such increased design allow-
ables will be acceptable to the Adminis-
trator: Provided, That a specimen or-
sspecimens of each individual item are.
tested prior to its use, to determine that
the actual strength properties of that.
particular item will .equai or exceed the
hproperties used in design. - This, in effect,
results in the airplane or materials man-
ufacturer guaranteeing higher minimum
‘propertigs than those given in the basic
procurement specifications

(c) See §3.174-1 (a).

8§ 3.301-2 Substitution of seam-welded
for semmnless steel tubing (CAA policies
which apply to §3.301). Seam welded
tubing may be substituted for seamless
steel tubing as follows:

(a) SAE 4130 welded tubing as per
Specification AN-T-3, may be substi-
tuted for SAE 4130 seamless tubing con-
forming to Specification AN-WW—T—
850a, and vice versa.

(h) SAE 1025 welded tubing as per
Specification AN-T-4, may be substi-
tuted for SAE 1025 seamless tubing con-
 forming to Specification AN~-WW-T-846,.
and vice versa.

(¢} SAE 8630 welded tubing conform-
ing to Specification AN-T-33a may he
,substituted for SAE 8630 seamless tub-
ing conferming to Specification AN-T-
15 and vice versa,

[Supp. 10, 16 F. R. 3289, Apr. 14 1951]

§ 3.302 Special factors. Where there
lmay be uncertainty concerning the aec-
.tual strength of particular parts of the
istructure or where the strength is likely
to deteriorate in service prior-to normal

shall be provided to insure that the re-
rest of the structure as specifled in .
§8 3.303-3.306. .

§ 3.303 Variability factor. For parts
'whose strength is subject to appreciable |
ivariability due to uncertainties In

‘manufacturing processes and inspection -
methods, the factor of safety shall be

replacement, increased factors of safety .-

Tiability of such paris is not less than the -
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hcreased sufficlently to make the proba<

-bility of any part belng under-strength
from this cause extremely remote. Mini-
. mum variability factors (only the high-
‘est pertinent variability factor need be
gosr{l)séidered) are set forth in §§3.304-

. §3.304 Custings. {(2) Where visual
inspection only is to be employed, the
variability factor shall be 2.0.

(b) The variability factor may be re-
duced fto 1.25 for ultimate loads and
1.15 for limit loads when at least three
‘sample castings are tested to show com-
pliance with these factors, and all sample
anq produc_tion castings are visually and
ra:dmg‘raphma,lly inspected in accordance:
T rir;th an approved inspection speeifica-

n.

(¢) Other inspection procedures and.
variability factors may be used if found
satisfactory by the Administrator.

§3.304-1 Casting factors (CAA poli-
cies which apply to § 3.304). With ref-
erence to paragraphs (b and (e) of
§ 3.304, the Administrator has approved
specific proposals which permit the use
of lower casting factors as specified in
(b}, with 100 percent radiographic in-
spection on initial runs, but with radio-
‘graphic inspection gradually reduced on.
production lots as it becomesevident that
adequate quality control hasibeen estab-

.lished, All such procedures require the
- submittal and execution of a satisfactory -
process specification and statistical proof
that adequate quality control has been

achieved.
[Supp. 1, 12 F. R, 8437, May 28, 1947, as
‘amended by Amdt. 1, 14 F. R. 26, Jan. 5, 1948]

§ 3.305 Bearing factors. (2) The
factor of safety in bearing at bolted or
pinned joints shall be suitably increased
‘to provide for the following conditions:

(1) Relative motion in operation {(con-
trol surface and system joints are cov-
ered in §§ 3.327-3.347).

(2) Joints with clearance (free fit)

. subject to pounding or vibration.

(b) Bearing factors need not be ap- |

plied when covéred by other special
factors. )

$3.306 Fifting factor. Fittings are
:defined as parts such as end terminals
used to join one structural member to

another. A multiplying facior of safety |
of at least 1.15 shall be used in the anal- |-

ysis of all fittings the strength of which
is not proved by limit and ultimate load
tests in which the actual stress condi-
tions are simulated in the fitting and the
surrounding structure. This factor ap-
plies to all portions of the fitting, the
‘means cof attachment, and bearing on
‘the members joined. In the case of
integral fittings, the part shail be treated
as a fitting up to the point where the’
.section properties become typical of the
- member. The fitting factor need not he:
applied- where a type of joint design
sbased on comprehensive test data is used.:
The following are examples: continuous
oints in metal plating, welded joints,
d scarf joinits in wood, all made In
eeordance with approved practiees. -
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table, to avoid points of stress concentra-
tion where variable stresses above the

 fatigue limit are likely to occur.in nor-
mal service. Co

FLUTTER AND VIBRATION' )
§ 3.311 Flutler and vibration preven-

4 tion measures. Wings, tail, and control

surfaces shall be free from fAlutter, airfoil
divergence, and control reversal from
‘lack of rigidity, for all conditions of
operation within the Iimit V-n envelope,
and the following detail requirements
shalt apply:

(a) Adequate wing torsional rigidity
shall be demonstrated by tests or other
methods found suitable by the Admin-
istrator.

(b} The mass balance of surfaces shall
be such as to preclude flutter,

(¢) The natural freguencies of all
main structural components shall be de-
termined by vibration tests or other
methods found satisfactory by the Ad-
ministrator.

§ 3.311-1 Simplified Autter preven-
tion criteria (CAA policies which apply
to §3.311 (a) and (B)).
with the rigidity and mass balance cri-
teria presented on pages 4 through 12 of
‘CAA Airframe and Equipment Engineer-
ing Report No, 45, as cotrected February
1952, “simplified Flutter Prevention Cri-
teriaz for Personal Type Aircraft”,! is
considered to be an aceeptable means of
meeting the flutter preveniion require-
ments of §3.311 (a) and (b) with the
following limitations:

{a) The wing and alleron flutter pre-
vention criteria as represented by the
wing torsional stiffness and aileron bal-
ance criteria are limited to aircraft
‘which do not have large mass concen-
g trations located along their wing span.
'For example, these criteria are not ap-

floats, fuel In outer-panels, ete. .

(b) The elevator and rudder balance
criteria are limited in application to tail
surface confizurations which include a

surface.
[Supp. 18, 17 F. R. 2161, Mar. 13, 1953]

WINGS

§3.317 Proof of strength. The
strength of stressed-skin wings shall be
substantiated by load tesis or by com-
bined structural analysis and tests.

§3.318 Ribs. Rib tests shall simulate
conditions in the airplane with respect to
torsicnal rigidity of spars, fixity condi-
tions, lateral support, and attachment to
'spars. The effects of ailerons and high
}ift devices shall be properly accounted
for. :

' [Amdt,.3-4, 15 F. R, 8901, Dee, 15, 1950]

1 Alrframe and Equipment Engineering Re-
i port No. 45 has been distributed under Avia-
tion Safety Release No. 330, dated December
2, 1948. Coples of the report are avallable

, §irom the Givil Aeronautics Administration. -

§ 3.307 Fatigue sfrength. The struc_:- |
ture shall be designed, insofar as practi-’

Compliance’

plicable for wings carrying engines,

fixed fin surface and a fixed stabilizer

{Supp. 10, 16 F. R. 3289, Apr. 14, 1951]

CONTROL SURFACES (FIXED AND
MOVABLE)

§ 3.327 Prbofof strength. Limit load
tests of control surfaces are required.
Such' tests shall include the horm or

attached. In structural -analyses, rig-
ging loads due to wire bracing shall be
taken into account in a rational or con-
servative manner.

§3.328 Installglion. Movable  tail
surfaces shall be so installed that there
is no interference between the surfaces
or their bracing when each is held in its
extreme position and all others are op-

ment. When an adjustable stabilizer is
used, stops shall be provided which, in
the event..of fallure of the adjusting
mechanism, will limit its travel to a

. §3.328-1 Bonding of control surfaces
(CAA policies which epply to § 3.328).
In order to avoid possible “freezing” of
control surface bearings caused by elec-
trical discharges (as for example when
fiying through thunderstorms), it is

be bonded to the airframe.
[Supp- 10, 16 F. R. 3269, Apr, 14, 1851)

§3.329 Hinges. Control surface
hinges, excepting ball- and roller bear-
ings, shall incorporate a multiplying
factor of safety of not less than 6.67 with
respect to the ultimate bearing strength
of the softest material used as a bearing.
For hinges incorporating ball er roller
bearings, the approved rating of the
bearing shall not be exceeded. Hinges
shall provide sufficient strength and

line. ‘ :
CONTROL SYSTEMS

§3.335 General. All controls shall
operate with sufficient ease, smoothness,
and positiveness to permit the proper

-t performance of their function and shall

‘be so arranged and identified as to pro-
vide convenience in operation and pre-
‘vent the possibility of confusion and sub-

.§ 8.384 for cockpit conirols.)

« §3.336 Primary flight controls. (a)
Primary flight controls are defined as
those used by the pilot for the immediate
‘control of the pitching, rolling, and yaw-
ing of the sirplane, -

L (b) For two-control airplanes the de-
sigh shall be such as to minimize the
likelihood of complete loss of the lateral
directional controel in the event of failure

ment in the control system.

§ 3.336-1 Adileron controls for two-
veontrol airplanes (CAA interprelations
which apply to §3.336 (b)), In the

-ease of two-control airplanes having side

§3.318-1 Rib tests (CAA policies’
which apply to. §3.318). See §3.174-6
().

fitting te which the control system is’

erated through their full angular move~ -

range permitting safe flight and landing.

recommended that all control surfaeces.

rigidity for loads parallel to the hinge

sequent - inadvertent operation. (See .

of any connecting or transmitting ele-
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by side control wheels, fhe aileron con-
trols in the right wing should be inde-
pendent of -those in the left wing;
however, they may be connected to a]
common bell-crank or lever i the fuse-
lage. From the point of common -con-
nection to the controi wheels, the!
margins of safety should be large and
the detail design adequate to minimize
possibility of failure of any part.

[Supp. 10, 16 F. R. 3289, Apr. 14, 1951] ;

$3.337 Trimming conirols. Proper
‘precautions shall be taken against the
possibility of inadvertent, improper, or
abrupt tab operations. Means shall be
provided to indicate to the pilot the di-
rection of control movement relative o

airplane motion and the position of the}’

trim device with respect to the range of
adjustment. The means used to indi-]
cate the direction of the control move-:
ment shall be adjacent to the control,
and the means used to indicate the po-|
sition of the trim device shall be easily

visible to the pilot and so located and|.

operated as to preclude the possibility of
confusion. Trimming devices shall he
capable of continued normal operation;
notwithstanding the failure of any one
connecting or transmitting element in]
the primary fight control system. Tab
contrels shall be irreversible unless the
tab is properly halanced and possesses no’
unsafe flutter characteristics. Irréversi-’
hle tab systems shall provide adequate
rigidity and reliability in the portion of
the system from the tab to the attach-
ment of the irrreversible unit to the air-
plane structure, o '

§3.337-1 Independent means of co.n-j :

‘trol of control system (CAA interpreta-
.tz‘ons which apply to §3.337). 'The
intent of §3.337 is to provide an inde-]
‘pendent means of control from the cock-
pit in case of the failure of th.e primary
control system. The installation of al
bungee system to trim an airplane byl
actuating a primary control surface is,’
for example, not acceptable. In such al
case, even the provision of large margins.
of safety would not preclude the possi-
bility of failure of the primary control’
system caused by loosening bolts, wear
and tear, etc. On the other hand, an-
equivalent degree of safety can be in-
corporated into a tab control system by
some other means as, for example, by
attaching a bungee directly to the con-
{rol surface horn. Such an arrangement
could be shown to meet the intent of
§3.337; however, each design will be

H

reviewed on the basis of its individual |-

merits.

| §3.337-2 Elecirical trim tab systems
(CAA wolicies which apply fo §§ 3.337

and 3.681)—(a) General. Electrical tyim]’

tab systems (electrically actuated and
manually controlled) must conform ta
the ‘general provisions In §§ 3.337 and
3681, In showing complisnce with
these general provisions, the fiigh{ and

‘electrical standards in paragraphs, (bd{

plicable malfunction deseribed in para-
graph (¢) of this section, the following
should be demonstrated, at critical
weights and center of gravity positions,
without danger of exceeding any of the
structural 1limits or placard speeds,
‘Malfunctions which do not affect the]
‘operation of the tab need not be con-
sidered.

(1> When corrective action (confined
to operation of the primary surface con-
trols) Is delayed two seconds after the
malfunction has been detected, danger-
.ous deviations from any normal flight
condition, including take-off and land-
ing, should not be produced.

(2) Assuming the malfuneiion to oc-
cur during any normal flight conditions,
it should be possible to:

(i) Contrel the airplane readily and
easily «for a prolonged period of time,,
without requiring undue effort or con-’
centration on the part of the pilot, :

(i) Perform all the maneunvers and
operations necessary in effecting a safe
Janding. ’

(b) Flight standards. For each ap-|

(¢) FElecirical signdards. Means
should be provided in the system design’
to comply with the flight standards in;
paragraph (b) of this section after the.
ocecurrence of any single malfunection de-
seribed in this paragraph:

(1) Wiring malfunctions. 1) A
ground fault on any electric cable in thei
system.

(ii) An open circuit in any electric!
cable in the system. :
(iii} Inmadvertent application of elec-
‘tric power to any cable, unless this cable
is physically isolated from all other ca-

electric power, or unliess this cable is cov~
ered with a grounded shield,

(2) Switch and reloy malfunctions,
(i) Internal failure of any switch such
that the contacts remain in the open or
closed position, or such that any contact
is grounded.

(i) Imternal failure of any relay, such
that normal actuation or release of the
relay contacts cannot be accomplished,
or such that any contact is grounded.

(iii) Inadverient application of elec~
tric power to any single exposed contact,
or its extension, within any relay unless
the contact is physically isolated from
adjacent contacts or other egquipment
capable of supplying electric power.

(iv) Inadvertent application of elec-
‘tric power to any single external ter-
minal of any switch or relay, unless the
terminal is physically isolated from ad-
jacent terminals or other equipment
capable of supplying electric power.,

(3) Connector and terminal strip mal-
Functions.
lof electric power to any single pin of
jany connector, unless all other pins in
ithe connector are incapable of supply-
‘ing electric power,

(i) Inadvertent applicafion of elec-

-and (¢) of this section should be applied.

|
ltric power-to any single terminal on any

bles or_equipment, capable of supplying |

(1) Inadvertent application

terminal ‘strip, unless the ferminal is
physically isolated from adjacent termil-
nals or other equipment capable of sup=-
plying electric power.

(4) Motor malfunctions. (i) Inter-
nal electrical or mechanical failure of

the trim tab drive motor, such that the

trim tab cannot be driven in one or both
directions under normal load.

(5) Electric power system malfunc-
tions. (1) Failure of electric power for
ahy reasorl, or opening of the master
switch due to some other emergency.-

(6) Other malfunctions similar to
those listed, affecting parts of the sys-
tem not specifically mentioned in this
jparagraph.

(d) Muaintenance check procedures.
In complying with paragraphs (b) and
{¢) of this section, designers may resort
to the use of duplicate equipment or
other design features of such nature that
a single malfunction can remain un-
detected in normal operation of the air-
‘eraft. One example of this' condition
would be a system using two control
switches in series and actuated by the
same toggle. ' Failure of one switcH i
the closed position would not affect the
operation of the trim tab and could
therefore remain undetected. The sys-
tem is then wvulnerable to subsequent
malfunction of the other switéh. There-
fore, when the system design is such that,
a single malfunction would not be de-

ftected in normal operation of the air-

craft, a maintenance check procedure

‘{should be established to assure that the

system is free of such malfunction before
each flight.
[Supp. 16, 18 F. B. 5646, Sept. 22, 1868]

$3.338 Wing flap conirols, The
controls shall be such that when the flap’
has been placed in any position upon:
which compliance with the performance.
requirements is based, the flap will not
‘'move from that position except upon
further adjustment of the control or the-
‘sutomatic operation of a flap load limit--
ing device. Means shall he provided to®

indicate the flap position to the pilot.

If any flap position other than fully
retracted or extended is used to show:
compliance with the performance re-
quirements, such means shall indicate
each such position. The rate of move-
ment of the flaps in response to the,
‘operation of the pilot’s control, or of an
automatic device shzll not be such as to
result in unsatisfactory flight or per-
formance characteristics under steady:
or changing conditions of air speed,
engine power, and airplane attitude.
(See § 3.109 (b) and (e).)

§ 3.338-1 Wing flap position indica-
tors (CAA wpolicies which apply io
§ 3.238)—(a) GQGeneral. The followingi
policies will govern the Civil Aeronautics:
f Administration in” détérmining circum-
'stances under which a wing flap position

indigator is required:
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1) Filap installations incorporating
only the fully extended and fully re-
tracted positions.
guired except:

(1} Where g direct cperating mecha-
nism provides a sense of feel and posi-
‘tion such as when a Mechanical linkage
1is employed, or,

(iiy Where the flap position is readily§
determined without seriously detracting}

from other piloting duties under-all con-
‘ditions of flight, either day or night.

(2) Flapinstallations incorporating an
intermediate flap position. An indicator
lis required except when the installation
complies with subparagraph (1} (i} of
this paragraph.

‘[Supp. 5, 14 F. R. 5743, Sept. 20, 1949]

§ 3.339 Flap interconnection. (a) The
‘motion of flaps on opposite sides of the
‘plane of symmetry shall be synchronized
‘by a mechanical interconnection, unless
the airplane is demonstrated to have safe
fight characterisiics while the fiaps are
retracted on one side and extended on
the gther.

(b} Where an interconnection is used,
‘in the case of multiengine airplanes, it
shall be designed to account for the un-
symmetrical loads resulting from flight
with the engines on one side of the plane
-of symmetry inoperative and the re-
maining engines at take-off power. For:
,single-engine airplanes, it may bhe 8-,
sumed that 100 percent of the cr1t1caI|
-air Igad acts on one side and 70 perecent’
on the other.

§ 3.340 ' Stops. All control systems
-shall be provided with stops which posi-
twely Yimit the range of motion of the
control surfaces. Stops shall be so lo-
cated in the system that wear, slackness,
.or take-up adjustments will not ap-
preciably affect the range of surface
travel. Stops shall be capable of with-
standing the loads corresponding to the
design conditions for the control system.

§ 8.341 Control system locks. When
a device is provided for locking a control
sutface while the alrplane is on .the
Jground or water:

(a) The locking device shail be so-in~
stalled as to provide unmistakable warn.
ing to the pilat when it is engage& and.

(b) Means shall be provided to pre—'
_clude the possibility of the lock becoming |
engaged during flight.

~ §3.342 Proof of strength. Tests shall
be conducted to prove compliance with
limit load requirements.. The direction
.of test loads shall be such as to pro-
‘duce the most severe leading of the
* gontrol system structure. The tests
shall include all fittings, pulleys, and’
brackets used to attach the control sys-
‘tem to the primary structure. Analyses |
. or individual load tests shall be con-
ducted to demonstrate compliance with:|
.the multiplying factor of safety require-
ments specified for control system 301nts
subjected to angular motion.

§ 3.343 - Opqrgtzon test.

An_ opera-

An indicator is re-|
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tion test shall be conducted by operating}
the controls from the pilot compartment!
with the entire system so loaded as toj
‘correspond to the limit air loads on the:
surface. In this test there shall be no
jamming, excessive friction, or excessive:
.deflection.

CONTROL SYSTEM DETAILS

§ 3.344 General. All control systems
and operating devices shall be so de-
-signed and insfalled as to prevent jam-
ming, chafing, or interference as a result
.of inadequate clearances or from cargo.
passengers, or loose objects. Special
precautions shall be provided in the cock-
'pit to prevent the entry of foreign ob-
"jects into places where they might jam
‘the controls. Provisions shall be made
‘to prevent the slapping of cables or tubes
‘against parts of the airplane.

§3.345 Cable systems. Cables, cable
fittings, turnbuckles, splices, and pulleys
shall be in accordance with approved
‘specifications. Cables smaller than -
ineh diameter shall not be used in pri-
‘mary control systems. The design of
cable systems shall be such that there
‘will not be hazardous change in cable.
tension throughout the range of travel
.under operating conditions and tem-
perature variatiohs. Pulley types and:
sizes shall correspond to the cables with

Lwhich they are used, as specified on the

pulley specification. All pulleys shall be
provided with satisfactory guards which
.shall be closely fitted to prevent the
cables becoming misplaced or fouling,
even when slack. The pulleys shall lie
in the plane passing through the cable
within such limits that the cable does nof
rub against the pulley flange. Fairleads
.shall be so installed that they are not
‘required to cause a change in cable di-
rection of more than 3 degrees. Clevis
pins (excluding those not subject to load
or motion) retained only by cotter pins
shall not be employed in the conirol
system. Turnbuckles shall be attached

' to parts having angular motion in such a

manner as to prevent positively binding
throughout the range of itravel. Pro-

visions for visual inspection shall be:§

‘made at all fairleads, pulleys, terminals,
rand turnbuckles.

§3.345-1 Cables in primary control
systems (CAA interpretations which ap-
ply to §3.345). Section 3.345 provides
‘that “cables smaller than Ys-inch diam-
‘eter shall not be used in primary control
systems.” Primary control systems are
‘normally considered to be the aileron,
‘rudder, and elevator control systems,|
’Hence this minimum of % inch need not|
' he applied to tab control cables havmg
\hlgh strength margins. However, in
‘cases where the airplane would not loe
safely controllable in fight and landing
"with tabs in the most adverse positions
irequired for the various critical trim,
weight, and center of gravity conditions,
the Administrator will require that tab

-systems be so designed as to provide re-

liability equivalent to that reguired for
primary systems. Examples are pulley
sizes, guards, use of fa1r1eads, inspection
provisions, ete.

[Supp. 1, 12 F. R. 3437, May 28, 1947, as
amended by Amdt. I, 24 F. R. 35, Jan. 5, 1949]°

§ 3.345-2 Special aircraft turnbuckle
assemblies end/or turnbuckle safetying
devices
§ 3.345). The minimum safety require-
ments for special aircrait turnbuckle
assemblies and/or turnbuckle safetying
devices which are intended for use in
civil aircraft have been established by
the Administrator in Technical Stand-

‘ard Order No. TSO-C21 effective October

1, 1949, “Special Aircraft Turnbuckile
Assemblies and/or Turnbuckle Safetying
Devices’” (§ 514.21 of this title),

‘[Supp. 10, 16 F. R. 3289, Apr. 14, 1951]

§ 3.346 Joints. Control system joints
subject to angular motion in push-pull
systems, excepting ball and roller bear-
ing systems, shall incorporatz a multi-
Plying factor of safety of not less than
3.33 with respect to the ultimate bear-
ing strength of the softest material used
as a bearing. This factor may he reduced

“to 2.0 for such joints in cable comfrol

systems. For ball or roller bearings the
approved rating of the bearing shall not
be exceeded.

§$3.347 Spring devices. The relia-
hility of any spring devices used in the
control system shall be established by
tests simulating service conditions, un-
less it is demonstrated that failure of

‘safe flight characteristics.
Lawpine GEAR
SHOCUK ABSORBERS

§3.351 Tests. Shock absorbing ele-
ments in main, nose, and tail wheel units
shall be substantiated by the tests speci-
fied in the following section. ‘In addition,
the shock absorbing ability of the land-

in the operational tests of § 3.146.

$3.352 Shock absorption tests. {a)
it shall be demonstrated by energy ab-
sorption tests that the limit load factors

-§ 3.243 will not be exceeded in landings

in that section.

(b) In addition, & reserve 01’ energy
absorption shall be demonstrated by a

least 1.2 times the limit descent velocity,

the shock absorbing urit, although yield-
ing of the unit will be permitted. Wing
-lift egual to the weight of the airplane
may he assumed for purposes of this test.

§ 3.352-1 Landing gear drop lests
.CAA policies which apply to { 3.352)

mining the effective mass to be dropped

in drop tests of nose wheel landing gear

(CAA rules which apply to .

the spring will not cause flutter or un-

ing gear in taxying must be demonsirated -

selected for design in accordance with'

with the limit descent veloeity specified-

test in which the descent velocity is at

In this test there shall be no failure of.

“(a) The.following method has been ap-
proved by the Administrator for deter-
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assembhes pursuant to § 3.352 {(a): For
aircraft with nose wheel type gear,.
the effective mass to be used in free drop
test of the nose wheel shall be deter-
mined from the formula for We (§§ 3.353
.and 3.355) using W=Wa» where Wi is

‘equal to the vertical components of the, |

_resultant force acting on the nose wheel,
‘computed under the following assump-
-tions: (1) the mass of the airplane con-
centrated at the cenfer of gravity and
"exertmg & force Of L0 g d'ownward and
0.33 g forward, (2} the nose and the main.
gears and tires in static position, and (3)
. the resultant reactions at the main and
‘nose gears acting through the axles and
parallel to the resultant force at the air-
plane center of gravity.
. Notz: By way of explanation, the use of an
.Inclined reactions conditien as the basis for
determining the mass to be dropped with a
\nose wheel unit is based on rational dynamic
investigation of the landing condition, as-
suming the landing fs made with simul-
taneous three-point contact, zero pltching
velocity. and & drag component representing
the average wheel spin-up reactions during
the landing impact. Although spin-up loads
on small airplanes may ba less than the value
implied by the formula, such airplanes are:
more likely to be landed with a nosing down
pitching velociiy, or in soft ground. The
vertical component of the ground reaction 1s
specified above because the method of de-
fining the direction of the inerila foree at
the center of gravity gives a resultant effec-
tive mass greater than that of the alrplane.

(b) The following procedure has been
approved by the Administrator for de-
‘termining the attitude in which the
landing gear unit should he dropped
pursuant to § 3.352 (a): The attitude in
which 2 landing gear umit it dropped
shall be that which simulates the air-
plane landing, condition which is crmcal
from the standpoint of energy to be!
.absorbed by the particular unit, thus: (1)
For nose wheel type landing gear, the
-nose whee]l gear shall be drop tested it
an attitude which simulates the three
point landing inclined reaction condi-
tion; (2) the attitude selected for main
gear drop tests shall be that which simu-

lates the two-wheel level landing with §-

inclined reactions condition.

Note: In addition; it Is recommended that
the main gear he dropped in an attitude
simulating the tail-down landing with ver-

. tical reactiohs condition if the geometry of'}

the gear Is such that this condition is ll.kely
to result in shock strut action appreclably
different from that obtained in level atit-s
tude drop tests; for example, when a cantl-]
lever shock strut has a large Inclinatton with
respect to the direction of the ground:
_reaction.

(3) Tail wheel units shall be tested m< '

such a manner as to simulate the taﬂ-
down landing conditicn (three- pomt'
contact). Drag components may be

covered separately by the tail Wheel,i

“obstruetion” condition.

(¢) The Administrator has acceptea
the following procedure for determining:
slopes of inclined platiorms when such
are used in drop tests: When the arbi-

- sponding to 0.6, 0.8 and 1.0 Vs,

‘trary drag components given on Fig']
3~12 (a) of this part are used for the

design of the landing gear in the level}

landing conditions, the drag loads in
the. drop tests for these conditions may
‘be simulated by dropping the units onto
‘inclined platforms so arranged as to

obtain the proper direction of the re-j-

sultant ground reactions in relation to
the landing gear. (If wheel spin-up
loads for these conditions are deter-
mined by rational methods and found to
be more severe than the arbitrary drag
loads, it is suggested that the spin-up

| loads be simulated by dropping the gear

onto a level platform with wheel spin.
ning.) Inatleast one limit drop test the
platform should simulate the friction

characteristics of paved runways and the{.

rotational speed of the wheel just prior
to contaet should correspond to an air-
‘plane ground speed of 1.2 Vs, It is sug-
gested that additional limit drops be
made onto surfaces of lower friction co-
efficient and at several wheel rotational
speeds; coefficients for example, corre-
The di-
rection of wheel rotation in-the drop test
should be opposite to that which would
occur in landing the airplane. Spin-up
loads which are slightly greater than the
arbitrary drag loads can probably be
simulated satisfactorily by inclined plat-

forms, but platforms having greater in-

clinations may not simulate spin-up loads
correctly and are not recommended.

[Supp. 1, I& F. R. 3437, May 28, 1047, as
amended by Amdt. 1, 14 P, R. 36, Jan. 5, 19409}

§3.353 Limit drop tests. (a) If com- |
pliance with the specified limit landing
conditions of §3.352 (a) is demon-
strated by free drop tests, these shall be
conducted on the complete airplane, or
on units consisting of wheel, tire, and
shock absorber in their proper relation,
from free drop heights not less than the
following:

h (inches) =3.6 (W/S)o?

jexcept that the free cirop height shall not
‘be Iess than 9.2 inches and need not be
greater than 18.7 inches.

(b) Insimulating the permissible wing
lift_in free drop tests, the landing gear
unit shall be dropped with an effective
mass equal to: g
h4-(1-L) d
We_W[““‘nfy-?f*
where
W,=the effective weight {o be used in
the arop test.
h=specified helght of drop in inches.
d=defiection under Impact of the tire
(at the approved inflation pres-
sure} plus the vertical compo-
nent of the axle travel relative to
the drop mass. The value of 4
used in the computation of W,
shall not exceed the value actu-
ally obtained In the drop tests.
W =W, for maln gear units, and shall
be equai to the static welght on
the particular unit with the air-
plane in the level attitude (with|
the nose wheel clear, in the casel
of nose wheel type airplanes).
W=Wg for tail gear units, and shall b
-.equal to the static weight on th
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tail unit with the afrplane 1n the
tall down attttude. :

W =Wy for nose wheel units, and shall
be equal to the static reaction
‘which will exist at the nose wheel
when the mass of the airplane 1s
concentrated at the center of
gravity and exerts a force of 1.0g
downward and 0.33¢ forward.

L=ratlo of assumed wing Uft to alr-
Opléa;e weight, not greafer than

T.

‘The attitude in whieh the landing gea.i'
unit is drop tested shall be such as to
simulate the airplane landing condition:
which is critical from the standpoint of
energy to be absorbed by the particular
unit, .

§3.354 Limit Ioad factor determing~
tion. In determining the limit airplane
inertia load factor » from the free drop

test described above, the following for-
mula shall be used:

n:n,_w'i + L

where
1ty=the load factor developed in the drop
© test, L. e, the acceleration (d,/dt)
in g's recorded in the drop test,
plus 1.0.
The value of n so determmed shall not
be greater than the limit inertia load
factor used in the landing conditions,
§3.243,

§3.355 Reserve
drop tests.

energy absorption
If compliance with the re-
serve energy absorption condition speci. -
fled in §3.352 () is demonstrated by
free drop tests, the drop height shall be
not less than 1.44 times the drop height
specified in § 3.353. In simulating wing
lift equal to the airplane weight, the
units shall be dropped with an eﬂectlve
mass equal to
3
W"_W’ﬁﬁ
where the symhbols and other details are
the same as in §3
crma mcnamsm

§3.356 General. The landing gear
retracting mechanism and supporting
strueture shall be designed for the maxi-.
mum load factors in the fight conditions
when the gear is in the retracted posi-
tmn It shall also be designed for the
combination of friction, inertia, brake

[ torque, and air loads occurring during

retraction at any air speed up to 1.6 Vs,
flaps retracted and any load factors up
.to those specified for the flaps extended
|condition, §3.190. The landing gear
and retracting mechanism, including
the wheel well doors, shall withstand -
flight loads with the landing gear ex-
tended at any speed up to at least 1.6 Vs,
flaps retracted. Positive means shall be
vrovided for the purpose of maintaining
the wheels in the extended position.

§ 3.356-1 Relracting mechanism
(CA4 policies which apply to § 3.356).
‘(o) In grder to provide for adequate
strength of the landing gear doors, land-
ing gear, ete,, in yawed attitude, it will
be satisfactory to show compiiance with
'$'3.366 at the maximum yaw angle as
Hetermined by the flight characteristic,
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requirements of § 3.105 and at speeds up!
to 1.6Vs, flaps retracted.

() To meet the requirement that a.
positive means be provided for maintain.
ing wheels in the extended position, a
positive mechanized lock or latch should
be provided that can be released directly
or sequentially only by some specifie
mamyal actuation by the pilot., In this 5
regard, the use of hydraulic pressure is
?Dt considered a positive means of down
ock.

.iBupp. 10, 16 F. R. 3289, Apr. 14, 1951;

§ 3.357 Emergency operation, When'}

other than manual power for the opera-~
tion of the landing gear is employed,
an auxiliary means of extending the
landing gear shall be provided. ‘

§3.358 Oweration test. Proper func-|
tioning of the landing gear retracting
mechanism shall be demonstrated by
operation tests,

§ 3.359 Pogition indicator and warn-
ing  devige. When retracta.ble landmg
wheels are used means shall be provided’
Tor indicating to the pliof when the
wheels are secured in the extreme posi-
tions. In addition, Jandplanes shall be

provided with an aural or equally effec-
tive warning device which shall function
continuously after the throttle is closed.
until the gear is down and locked.

§ 3.359-1 Wheel position indicators
(CAA policies which apply to § 3.358),
(a) The means to be provided for in
§ 3.369 1o indicate to the pilot when the
wheels are secured in the extreme posi-
tions may congist of lights., For example,
8- green light for the gear down and
locked position is considered satisfac-
tory, provided a placard indicates fthat
this is the down position. <“All lights
out” is considered satisfactory for inter-
mediate gear positions. However, there
should then he another light indicating
gear up and Jocked. “All lights out” is
not considered desirable for either ex-
freme gear locked position, since such a’
system would not “fail safe” if a lamp
burned out.

(b) The regulations do not require an
.aural warning device for amphibian air-
eraft. A two-light warning system simi-
Iar to the foliowing would be considered
sufficient and satisfactory:

Water
———- Land

.When light #1 is on, the gear would be
in the extreme up position and locked
and when light #2 is on, the gear would
be in the extreme down position and
locked.

[Supp. 10, 16 F. R. 3289, Apr. 14, 1951]

§ 3.359-2 Position indicator end warn-
ing device (CAA policies which apply to
§ 3.359). A throttle stop is not consid-~
ered an acceptable alternative to an
aural Janding gear warning device.-
[Supp. 10, 16 F, R. 3289, Apr. 14, 1951]

§2.260 Control. See § 3.384,
WHEELS AND TIRES
§3361 Wheels. Main wheels and

4 part.

nose wheels shall be of an approved type
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The maximum static Yoad rating of each
-main wheel and nose wheel shall not be
,]ess than the corresponding static ground.
‘reaction under the design maximum’
-weight of the airplane and the eritical
genter of gravity position. The maxi-
mum limit load rating of each main
#heel and nose wheel shail not be less
than the maximum radial limit load de~
fermjned in accordance with the ap-
plicable ground load requ1rements of this
(See §§ 3.241 through 3.266.)
{Amdt. 83-7, 17 F. R. 1086, Peb, 5, 1952]

§ 3.362 Tires. A Ilanding gear wheel
may be equipped with any make or type
of tire, provided that the tire is a proper
fit an the rim of the wheel and provided
that the approved tire rating is not ex-
ceeded under the following conditions:

(a) Load on each maln wheel tire] .

equal to the corresponding static ground
teaction under the desigh maximum
weight of the ajrplane and the eritical

I eenter of gravity position.
(b) Load on nose wheel tires (to be}

compared with the dynamic rating es-
tablished for such tires) egual to the re-
action obtained at the nose wheel,

‘assuming the mass of the zirplane con-

centrated at the most critical center of
gravity and exerting a foree of 1.0g down-
ward and 0.31g forward, the reactions
being distributed to the nose and main
wheels by the prineiple of statics with
the drag reaction at the ground applied.
only at those wheels having hrakes.
When specially construzcted tires are used
to support an airplane, the wheéls shall
be piainly and conspicuously marked to.
that ‘effect. Such markings shall in-

clude the make, size, number of piies,§

and identification markmg of the proper:
tire,

[Amdt. 03-0, 11 F. R. 18382, Nov, 9, 1046, as
amended by Amdt. 3-7, 17 F. R. 1087, Feb. &,
1952)

§ 3.362~1 Approved tire rating (CAAT

interpretations which apply fo § 3.362).

An approved tire rating is a rating as- 1™
signed by the Tire and Rim Association’

or by the Administrator.

‘[Supp. 14. 17 F. R. 8066, Oct. 11, 1552]

§ 3.362-2 . Tire rating stundards (CA4'
policies which apply to §3.362). Ap-
proved tire ratings or experimental tire
ratings assiened by the Tire and Rim
Association may be used in determining

‘whether a tire is satisfactory for use on |
civil aircra*®s,

[Supp. 14, 17 F. R. 9066, Oct. 11, 1952}
ERAKES

§ 3.363 Brakes. Brakes shall be m-
stalled which are adeguate to prevent
the airplane from rolling on a paved
runway while applying take-off power to
the eritical engine, and of sufficient
capacity to provide adequate speed con-
trol during taxying without the use of
excessive pedal or hand forces.

SKIS

§3.384¢ Skis.  Skis shall be of an a.p-‘
proved type. The maximum limit load
rating of each ski shall not be less than!
the maximum limit load determined in

accordance ‘with the applicable groundg
load requirements of this part. (See’
§§ 3.241 through 3.257.)

[Amdt. 3-7, 17 F. R. 1087, Feb, 5, 1952]

§3.364-1 Tail skis (CAA interprefu-
tions which apply to § 3.364). Type cer-
tifieation of tail skis is not required un-'
der the regulations in this subchapter.:
Such skis should therefore be approved
as a part of the airplane,

[8upp. 10, 16 F. R. 3289, Apr. 14, 1951)

Huils aND FLOATS

§3.371 Seaplane main floofs. Sea-

plane main fioats shall be of an approved
iype and shall comply with the provi-
sions of § 3.265. In addition, the fcllow-
ing shall apply:
(a) Buoyancy. BEach seaplane main
float shall have a buoyancy of 80 percent
in excess of that required to support the
maximum weight of the seaplane in fresh
water.

(h) Compartmentation. Each sea-
plane main float for use on airplanes of
'2 500 pounds or more maximum weight
shall contain not less than 5 watertight
-compartments, and those for use on air-
,planes of less than 2,500 pounds maxi-
‘mum weight shall contain not less than’

4 such compartments., The compart-.
ments shall have approximately equal
‘volumes.

[Amdt, 87, 17 F. R. 1087, Feb. 5, 1652]

§3.372 Buoyancy . (boat seaplanes).
‘The hulls of boat seaplanes and amphib-
jans shall be divided into watertight

{ compartments in accordance with the

Ffollowing requirements:

(a) In airplanes ¢f 5006 pounds or
more maximum weight, the compart-
ments shall be so arranged that, with
any two adjacent compartments flooded,’

the hull and auxiliary floats (and tires, if
‘used) will refain sufficient buoyancy to
‘support the maximum weight of the air-
plane in fresh water.

(b) In airplanes of 1,500 to 5,000
pounds maximum weight, the compart-'
‘ments shall be so arranged that, with any
gne compartment fooded, the hull and
auxiliary floats (and tires, if used) will
retain suficient bupyaney to support the
maximum weight of the airplane in fresh
water

- {e) In axrp‘.lanes of les§ than 1,500
pounds maximum weight, watertight
‘subdivision of the hull is not required,

- (d) Bulkheads may have watertight -
‘doors for the purpose of communication
‘Lhetween compartments.

i §2373 Water stability, Auxiliary’
“floats shall be so arranged that when
"completely submerged in fresh weter,
ithey will provide a righting moment.
“which is at least 1.5 times the upsetting”
maoment caused by the airplane being’
|#ilted. A greater degree of stability may

. "}be required-by the Administrator in the!
¢ ease of large flying boats, depending oni

the height of the center of gravity above
the water level, the area and location of

cwmgs and tail surfaces, and other con-
giderations.
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FUSELAGE
PILOT COMPARTMENT

§3.381 Gererel. (a) The arrange-
ment of the pilot compartment and its
appurtenances shall provide a satisface
tory degree of safety and assurance t.haf‘ 4
the pilot will be’ able to perform all his
duties and operate the controls in the
correct manner withodi unreasonable
concentration and fatigue.

() The primary flight control units
listed dn Figure 3-14, excluding cables
and control rods, shall he so located with
respect to the propellers that no portion
of the pilot or controls lies in the reglon
between the plane of rotation of any in-'
board propeller and the surface gerfer-
ated by a line passing through the center
of the propeller hub and making an

‘angle of 5° forward or aft of the plane

of rotation of the propeller.
§8.382 Vision. The pilot compart-

‘ment shall be arranged to afford the

pilot a sufficiently extensive, clear, and
undistorted view for the safe operatioh
of the airplane. During fight in & mod-
erate rain condition, the pilot shall have
an adeguate view of the flight path in,
normal flight and landing, and have suf-.
ficient protection from the elements so
that his vision is not unduly impaired.
This may be accomplished by providing,

an openable window or by a means for {

maintaining a portion of the windshield

in a clear condition without continuous

attention by the pilot.” The pilot com-
partment shall he free of glare and re-
flections which would interfere with the

pilot’s vision. For airplanes intended |

for night operation, the deémonstration
of these qualities shall include night
flight tests.

§3.382-1 Openable window or open-
able portion of the windshield (CAA in-
terpretations which apply to § 3.382).
{a) The third sentence of § 3.382 is in-
terpreted to mean that an openable

‘window, or an openable portion of the }'

windshield is required onty when the
windshield does not remain, or is not
maintained (by means of windshield
wipers or other devices) in a clean con-
dition during a moderate rain.

(hy If deflectors or other means are
arovided, so that the elements do nof
fully impair the pilot’s ability to see
when an opehable window, or a movable!
portion of the windshield is open, then

the pilot should have an adequate view*l

during the rain condition of the fight]

path in normal flight and landing with'
these deflectors or other devices installed

(and, if applicable, in any positiony:

within the limits of adjustability}.
{Supp. 10, 16 F. R. 3289, Apr. 14, 1651]

§ 3.382-2 Piloi pision in roin condi-
tions (CAA interpretations which apply
3o §, 3.382). The means for providing
vision during flight in rain conditions
should permit the pilot to view both the
normal flight path and the instrument
panel without difficuity. or excessive head
rmovement.

§ 3.383 Pilot windshield and windows.
All glass panes shall be of a nonsplinter.-
ing safety type.

§ 3.383-1 Pleriglas windshields and
windows (CAA policies which apply to
§ 3.383). A plastic material such as
‘plexiglas is considered to be a nonsplin-
tering material and can be used in wind-
shields and windows.

[Supp. 10, 16 F. R. 3280, Apr. 14, 1851]

§3.384 Cockpit controls, (a) Al
cockpit contrels shall Re so located and, ]
except for those the function of which is
ohvious, identifled as to provide con-
venience in gperation inchuding provi-
sions to prevent the possibility of confi-
sion and consequent inadvertent opera-
tion. (See Fig. 3-14 for required sense |
of motion of cockpif controls.) The
-confrols shall be so located and arranged
that when seated it will be readily pos-
sible for the pilot to obtain full and un-

restricted movement of each controt|-

without interference from either his’

clothing or the cockpit structure.

(b) Identical power-plant controls for
the several engines in the case of multi- |

‘engine airplanes shall be so located as to

prevent any misleading impression as to
the engines to which they relate.

Controls Movement and actuation
Primary: .
Atleron. .- Right (clockwise) for right
wing down.
Elevator_._.... Rearward fdOr nose up.
Ruddera.-.—-— Right pedal Iforward for
nose right.

Power plant:
Throttle______ Forward to open.

Ficure $-i4 COCKPIT CONTROLS

§ 3.385 Insiruments and wmarkings.

‘See § 3.661 relative to instrument ar-:

rangement. The operational markings,!
instructions, and plagards required for:
the instruments and controls are speci-~
fied in §% 3.756 to 3.765.

EMERGENCY PROVISIONS

§ 3.386 Protection. The fuselage
.shall be designed to give reasonable &s-
surance that each occupant, if he makes

‘proper use of belts or harness for which

provisions are made in the design, will

 hot stiffer’ serious Injury during minor

‘erash conditions as a result of contact of

_any vulnerahle part of his body with any |

penetrating or relatively solid object, al-
though it is accepted that parts of the
airplane may be damaged.

{a) The ultimate accelerations to
which oecupants are assumed to be sub-
jected shall be as follows:

N, U A
UDWALQ e aem e cemec e o mmmmmmos mem e 3.0g 4. 59
Forward. ... I 9.0p 9.09
Sideward o 150 1.50

(b For airplanes having retractable

landing gear, the fuselage in combina- |

tion with other portions of the structure

'the occupants in & wheeis-up landing

with moderate descent velocity. ]

(e} If the characteristics of an air-
plane are such as to make g turn-over,
reasohably probable, the fuselage of-
sueh an airplane in combination with;
other portions of the structure shall be.
designed to afford protection of the oecu~:
pants in g complete turn-over: )
] A .

Nore:. In §2.386 (b) and (e¢), a verilcal
ultimate acceleration of 3y and » frictlon’
ecosflicient of 0.5 at the ground. may be as-;
sumed.

§ 3.386-1 Crash protection (CAA in-
terpretations which apply fo §3.386).)°
(a) Cockpit arrangements and collapse!
of cabin structure have been found to!
cause excessive injuries in crashes.|

Close study of crash results shows that

‘the human body, when properly sup-.

ported, can tolerate crash forces which
exceed those necessary to demolish con--
temporary aircraft structure.
(b) The following points are of gen-.
eral significance: . ;
(1> Many survivable accidents are,

‘wfatal’ because of insufficient design.

consideration when mocking up the
cabin and its installation.

(2) The torso is rarely exposed to dan-

{ gerous injury when the safety belts hold:

and control wheels provide reasonable
support for the chest. )
(3) Fractures of the extremities oceur! -

4 In severe erashes but are not normally

regarded as dangerous injuries.

(4) Head injuries are the principal’
cause of crash fatalities. Increased pro-

;] tection for the head .can be provided by
.| elimination, shielding, or redesigning of.
1 elements of the cabin which permit solid.

head blows in a erack-up, such as turn-
overs during a bhad landing. .

(c) In view of the fact that injurles.
and fatalities in many moderate and se-
vere accidents are purely mechanical re-
sults of poor cockpit design, the following:
guide rules for design are suggested:

¢1) Typical infurious objects, from the
standpoint of crash injury, are listed as’
‘follows: .

(i) Those which present a hard sur-

' face and are so attached or have suffi-.

cient mass to produce a severe impacti
when struek by the head or ofher vul-
nerable” part of the body as it swings:
forward under the specified inertia;
forces.

(i) Those which present corners,’
knobs, or similar projections which are:
likely te penetrate a vulnerable part of|
the body, even when the impact forces:
are not as high as in paragraph {(a) of‘
this section. '

(2) A fiat or curved sheet metal panel
which will dent upon impact by the head
is not considered dangerous, whereas &
magnetic compass ease having apprecia-
ble mass and a rigid mounting might
cause fatal head injuries. 1

(3) Heavy transverse hraces or other
structures immediately behind a light.I

shall be designed to afford protection of

instrument panel have changed many:
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‘accident reports from “Instrument panel:i
depressed six-inches by pilot’s head” to
“Patal head injury; depressed fracture
of the skull” Pilot’s chances can be
greatly improved by spac¢ing solid braces.
-several inches behind the ductile skirt
of an instrument panel.

(4) The solid tubing used as a backrest,
of the front seats of tandem aircraft is
a set-up for excessive head injury. The,
‘suggestion has been made that backs of
.forward seats be allowed to pivot for-
ward so-that the head of the occupant
of the rearward seat would not contact
*the solid members when the body pivo
about the helt.

(5) Panels should be smooth, with;

top edge curved in a substantial radius.)
. {6) Apertures for instruments should;
preferably have bevelled instead of sharp)
edges.
(D In perscnal aircraft, every consid-
eration should be given to holding the
‘body by adequate safety belt installa-
tions, and by the support which can
be provided in control wheels and in-
‘strument panels, The present <1000,
‘pound” safety belts have failed in a high'
percentage of accidents without causing;
internal injuries or bruising of the hips.’
In failing, they have exposed the pilot
to excessive injuries.

(8) Conirol wheels should be designed
_to provide broad areas of support for the
.chest. Wheels which break under heavy
loads from the hands or deform to per-
mit contact between the chest and a
small hub, localize foree and set up
chances of unnecessary chest injury.
-[Supp. 10, 16 F. B. 3290, Apr. 14, 1951] .

§3.387 Ezxits. (a) Closed cabins on
airplanes carrying more than 5 persons
'shall be provided with emergency exits
consisting of movable windows or panels
v nf additional external donrs which
‘provide a clear and unobstruciea apen-

- = )
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ing, the minimum dimensions of which'
shall be such that a 19-by-26-inch ellipse
may be completely inscribed therein.
The exits shall be readily accessible,
shall not require exceptional agilify of

& person using them, and shall be dis—

tributed so as to facilitate egress with-
cut crowding in all probable attitudes

resulting from a crash. The method

‘of opening shall be simple and cbvi-
ous, and the exits shall be so arranged
and marked as to be readily located and
operated even in darkness. Reasonable

brovisions shall be made against the:

Jamming of exits as a result of fuselage!

1 deformation. The proper functioning of:] = . .
| tbd Combustion heatérs. If combus- .

exits shall be demonstrated by tests.
(b) The number of emergency exits
required is as follows:
(1) Airplanes with a total seating ca-
pacity of more than 6 persons, but not in

-excess of 15, shall be provided with at

least ohe emergency exit or one suitable;
door in addition to the main door speci~
fied in §3.389. This emergency exit,’
or second door, shall be on the opposite’

(2) Airplanes with a seating capacity
of more than 15 persons shall be pro-:

vided with emergency exits or doors in

addition to those required in paragraph
(b) (1) of this section. There shall bel
one such additional exit or door located
either in the top or side of the cabin for
every additional 7 persons or fraction

|} thereof above 15, except that not more

than four exits, including doors, will be

\f required if the arrangement and dimen-
1 sions are suitable for quick evacuation of

all o¢cupants.
(¢) If the pilot compartment is sepa-

rated from the cabin by a door which is
ilikely to block escape in the event of |
2 minor crash, it shall have its own exit, ¢

but such exit shall not be considered as
an emergency exit for the passengers.

[

7 R

ATRPTANE SKIN

(d) In categories U and A exits shall
be provided which will permit all accu-
pants to bail ouf quickly with parachutes
T§3.388 Fire precaufions—(a) Cabin
interiors, Only materials which are

{flash-resistant shall be used.

In compartments
where smoking is to be permitted, the
'wall snd ceiling linings, the covering of
a1l upholstering, floers, and furnishings:

2]l be flame-resistant.” h T
oo Sueh compartments.
shall be equipped with an adequate num-
 ber of self-contained ash trays. All other
compartments shall be placarded against
smoking.

tion heaters are installed, they shall be .
i of an approved type. The installation
shall comply. with applicable parts of the
powerplant installation requirements
covering fire hazards and precautions..
All applicable requirements concerning
fuel tanks, lines, and exhaust systems
_ghall be sonsidered.

§ 3.388-1 Heater
icies which apply to § 3.388 (b)),

‘isolafion (CAA pol-’
(a):

_iUnder §53.388 (b) and 3.623, heaters

should be isolated from the remainder of
‘the airplane by means of a fireproof
shield. However, this need not neces-
sarily mean a complete shield around
[the entire heater uni¢ (although this
‘would be satisfactory) since in many
‘heater designs, a fireproof air jacket
largely surrounds the flame chamber.
"Thus, the heater design itself prac-
cally provides a steel shield between the
‘combustion unit and the remainder of
‘the airplane. In such cases, it should
'suffice to provide isolation for the fuel
system components mounted on the
‘heater and for the heater exhaust and
‘combustion chamber drains.

(b The following schematic sketch
‘'shows an example of an installation
whigh, should be satisfactory: k

JACKET F
——rl,

COMBUSTION
CHAMEER.
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The shut-off valve shown in the sketeh
ishould be provided if there are fuel sys-
tem components within the ventﬂatmg
air shroud which may be subject to leak-
age or failure. In such cases, that por-.
tion of {he ventilating air duct up to the ]

valve, as well as the valve itself, should§:

be of fire resistant construction and the’

‘valve should provide as flame tight a seal

as possible. If the fuel system is so ar-’

‘ranged that there are no fittings or con-

nections within the ventilating air
shroud, the downstream air shut-off
valve and fire resistant duct between the,
heater and the valve may be dlspensed
with.

{e) As regards shrouds for the com-' :

bustion chamber drain lines, the neeces-:
Sity for these will generally depend upon.
the location of the drain in the heater.

If the drain outlet from the combustion
chamber is so located that products of!
combustion can issue through the drain
line, it will no doubt become hot and re-|
quire isolation. However, drains are|

.sometimes connected in such a manner

that they do not carry exhaust gases and
remain relatively coel. In such cases,
shrouds are not necessary.

[Supp. 10, 16 . R. 3290, Apr. 14, 1951}

§ 3.388-2 Fire-detector and extin-
guisher equipment (CAA policies which |
apply to §3.388 ()., ({(a) ¥For non-]
transport ¢ategory airplanes equipment
of this type is not required. If such
equipment is installed and it is shown to
provide equivalent safety to the use of
fireproof isolation, it may be considered
8. suitable alternative for fireproof iso-
Iation provisions discussed in § 3.388-1

(). In such cases, the detection and 'structure shall be designed for a pas-

extinguishing provisions should comply

-with the reguirements for transport

category airplanes; that is, detectors
and extinguishers should be provided
wherever potential sources of fuel leak-
age and sources of ignition are in close
proximity.

(b) In the sketch in § 3.388-1 (b) the
space within the shield would require
such protection., In addition, cietectorsi
and extinguisher nozzles should be in-j

‘stalled in the ventilating air passages of!

the heater if this chamber contains fue1|
system fittings or connections that may
be subject to leakage.

(¢) Hand fire extinguishers should be
considered equivalent to a fixed fire ex-
tinguisher installation only when the
heater is loeated in such a manner. that
it is Teadily hccessible tg the crew and
whenall fire zones in the 1nstallat10n!
can easily be reached with a hand ex-
‘tinguisher.

(d)» All extinguishers may also be dis-
pensed with when the heater is so
shielded and located that a fire could

be permitted to burn itself out without}

danger of damage fo any important
‘structural members or otherwise endan-

.gering the safety of the airplane,

(e} Detectors may be dispensed with
as an alternative to fireproof isolation,
only when the heater is so located that
the ogcurrence of fire would immedi-

§ 3.388-3
policies which apply to § 3.388 (b)), (a)]
The heater fuel system should comply
with airworthiness standards for the en-
gine fuel system as regards fuel lines,
fittings and accessories.

(b} Valves should be provided for
shutting off in flight the flow of fusl .ﬁ\.r1

the form of a separate heater fuel pump
are available,

{¢) All pressure lines should comply:
‘with the provisions of § 3.432 regarding”
‘pressure ¢ross feed arrangements.

[Supp. 10, 16 F. R, 3201, Apr, 14, 1951]

§ 3.388-¢ Combustion heaters (CAA
rules which apply o § 3.388 (D)), The
minimum safety requirements for com-
bustion heaters which are iantended for
use in civil aireraft have been established
by the Administrator in Technical
Standard Order No. TSO-C20, effective
June 15, 1949, “Combustion Heaters”
(§ 514.20 of this title).

[Supp. 10, 16 F. R. 3201, Apr. 14, 1851]

PERSONNEL AND CARGQ ACCOMMODATIONS
F3

§3.389 Doors. Closed cabins on all
airplanes carrying passengers shall be
provided with at least one adequate and
easily accessible exterhal door. No pas-
senger door shall be so located with re-
spect to the propeller dises as to en-
danger persons using the door.

§3.390 Seats and berths—(a) Pas-
senger seats and berths. Seats and
berths shall be of an approved type.
All seats and berths and supporting

senger weight of 170 pounds (180 pounds
with parachute for the acrobatic and
utility .categories) and the maximum
load factors corresponding to all §péci-
fied flight and ground load conditions
including the emergency conditions of
§3.386. The accelerations prescribed in-
' § 3.386 shall be multiplied by a factor of
'1.33 for determining the strength of the
seat and berth attachments to the
structure. .

(b) Pilot seats. Pilot seats shall be
designed for the reactions resulting from
‘the application of the pilot forces to the
primary flisht controls as specified in
§3.231.

(¢) Categories Uand 4. All seats de-
signed to be occupied in the U and A
categories under § 3.74 (¢) (4) shall be
designed to accommodate passengers
wearing parachufes. -

{Amdt. 03-0, 11 F. R. 13382, Nov, 9, 1946, as
amended by Amdt. 3—4, 15 F. R. 8901, Dec. 15,
1950, and Amdt. 3-7, 17 F. R. 1087, Feb. b;
| 1952]

§3.390-1 Approved seats ond berths
(CAA interprefations which apply tol
§ 3.390>. An approved seat or berth isn
‘one which complies with the pertinent
requirements in the regulations in this
subchapter as implemented by TS0O-C25
“Alreraft Seats and Berths” (§ 514.25 of

Heater fuel system (CAA}

its source, unless equivalent provisions inif

‘combinations of forward,

ately be noted by the crew.

‘this title).

1§ 3.392).

§3.300-2 Proof of strength for seats
end berths and their installutions (CAA
polzaes which apply to §3.390). {(a)
‘Froof of compliance with sfrength and .
deformation reguirements for seats and
berths, approved as a part of the type
design, and for all seat and berth in-
stallations, may be shown by one of the
following methods:

(1) Structural analysis a.lone when
the structure conforms with conven-

tlomal types for which existing methods

of analysis are known to be reliable,

(2) A combination of structural anal-.
ysis and static load tests to limit loads.

. (3) Statie load tests alone when such
tests are carried to ultimate loads.

[Supp. 14, 17 P, B, 0066, Oct. 11, 1952].

- §3. 390 3 A:ﬂphcatwn of loads (CAA
policies  which apply fo §3.390). The
actual forees acting on seats, berths, and’
supporting structure in the various
flisht, ground and emergency landing
conditions will consist of many possible
sideward,
and aft loads.

downward, upward,

‘However, in order to simplify the strue-

tural analysis and testing of these strue-
tures, it will be permissible to assume
‘that the critical load in each of these
directions, as determined from the pre-
seribed flight, ground, and emergency
landing conditions, acts separately. If

‘the applicant desires, selected combina-

tions of loads may be used, provided the
reguired strength in all specified direc-
tions is substantiated (TSO C-25, Air-
ceraft Seats . and Berths, § 514,25 of this
title, outlines acceptable methods for
testing seats -and berths).
ISupp. 17, 18 ¥, R. 5563, Sept. 17, 1963]
§3.381. Safety belt or harness pro<
visions. Provisions shall be made at alll
seats and berths for the installation of
‘belts or harness of sufficient strength to.
comply with the emergency conditions of
§3.386. The accelerations prescribed in
§.2.386 shall be multiplied hy a factor of.
1.33 for determining the strength of the’
.belt anchorages to the seat or to the'
structure.

[Amdt 030, 1 F. R. 13382, Nov. 9, 1846, as
famended by Amdt. 34, 15 F. R. 8901, Dec. 16,
1950]

§$3.392 Cargo compariments, Eacm
.cargo compartment shall be designed for:
‘the placarded maximum weight of con-
tents and critical load distributions at:
-the appropriate maximum load factors:
corresponding to all specified flight and.
ground load conditions. Suitable provi-;
-sions shall be made to prevent the con-'
tents of cargo compartments from be-
coming a hazard by shifting. Such pro-

. visions shall be adeguate to protect the
I passengers from injury by the contents

of any cargo compartment when the ul-i
‘timate forward acting accelerating force:
is 4.5g. !

§ 3.392-1 FLoad factors for design oy
'cargo compariments locoted in the fuse-
lage (CAA interpretations which apply to'
“(a} It would seem on exami-,
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_nation of §§ 3.392 and 2.386 that there is

& conflict between the load factors re-
quired for the design of carge compart-.
‘ments which are located in the fuselage:
The following explanation should clarify,
this possible misconception: '
{1) Section 3.392 was specially pro-
muigated to overcome objections to thel
‘excessively heavy cargo compartmenti
structure that would be required to meet;
the crash conditions of § 3.386. In past
cases of craghes, injuries to passengers.

- caused by shifting cargo or baggage have

not been prevalent despite the fact that
‘in many cases the lower design factors:
of Bulletin 7a and Part 4a of this sub-
chapter were in effect. Because of this,
§ 3.392 was incorporated in the require-

‘ments, to apply specifically to cargo com-

partments. It should therefore not be
necessary to consider the stremgth re-
quirements of § 3.386 in their design.
[Supp. 10, 16 F. B. 3201, Apr. 14, 1951]

§3.393 Veniilation. All passenger

and crew compartments shall be suit-{
ably ventilated. Carbon monoxide con-}’
centration shall not exceed 1 part in

20,000 parts of air.
MISCELLAREGUS ‘
§3.401 Leveling marks. Leveling

marks shall be provided for leveling the |:
-airplane on the ground.

" SUBPART E-—POWER-PLANT INSTALLATIONS;

RECIPROCATING ENGINES

GENERAL
- §3.411 Components, (a) The power-

:plant installation shall be considered to

inelude all components of the airplane
which are necessary for its propulsion.
Tt shall also be considered to include all
components which affect the control of
the major propulsive units or which af-
fect their continued safeiy of cperation.

(b) All components of the power-plant
installation shall be constructed, ar-
ranged, and installed in a manner which
will assure the continued safe operation
of the airplane and power plant. Acces-
sibility shall be provided to permit such
inspection and maintenance as is neces-
sary to assure continued airworthiness. -

ENGINES AND PROPELLERS

§3.415 Engines. Engines installed in
certificated airplanes shall be of a type
which has been certificated in accord-
ance with the provisions of Part 13 of
this subchapter. '

§ 3.416 Propellers. (a) Propellers in-

. stalled in certificated airplanes shall bel

of a type which has been certificated in
accordance with the provisions of Part
14 of this subchapter.

© (b) The maximum engine power and
propeller shaft rotational speed permis-

* ‘slble for.use in the particular.airplane

i d cee DT -
involved shall not exeeed thecorrespond s] at the best angle of climb speed for the

“ing- limits for which the propeller ha
been certificated. ’ . !

$3.417 Propeller Hibration. In the
'case of propellers with metal blades or
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‘other highly stressed metal components,
the magnitude of the critical vibration
stresses under all normal conditions of
operation shall be determined by actual
measurements or by comparison with
similar installations for which such
‘measurements have been made., The
vibration stresses thus determined shall
not exceed values which have been dem-
onstrated to be safe for continuous oper-
sation, Vibration tests may be waived)
.and the propeller installation accepted
on the basis of service experience, engine

-or ground tests which show adequate

-margins of safety, or other considerations
‘which satisfaciorily substantiate its
safety in this respect. In addition to-
metal propellers, the Administrator may:
require that similar substantiation of the
‘vibratioh characteristics be accomplished.:
for other types of propellers, with the:
exception of conventional fized-pitch
wood propellers,

[Amdt. 03-0, 11 P. R. 13386, Nov. 9, 1946, as

-

{.amended by Amdt. 34, 15 F. R. 8901, Dec. 15,

1950] :

§ 3418 Propeller pitch and speed
limitgtions, The propeller pitch and
speed shall be limited to values which
will assure safe operation under all
normal conditions of cperation and will
assure compliance with the performance
requirements specified in §§ 3.81-3.86.

§ 3.419 Speed limitgtions for fized-
pitch propellers, ground adjustable pitch
propellers, end aulomatically varying
pitch propellers which cannoi be con-

frolled in fight. {(a) During take-off |

and initial climb at best rate-of-climb
speed, the propeller, in the case of fixed-
pitch or ground adjusiable types, shall
‘restrain the engine to a speed not exceed-
ing its maximum permissible take-off
Speed and, in the case of automatie vari-
able-pitch types, shall limit the maxi-
mum governed engine revolutions per
minute to z speed nhot exceeding the
maximum ' permissible take-off speed.
In demonstrating compliance with this:
provision the engine shall be operated at
full throttle or the throttle setting corre-.
sponding to £€he maximum permissible
take-off manifold pressure.

(b} During a closed throttle glide at
the placard, ‘“‘never-exceed speed” (see
§ 3.73%, the propeller shall not cause the.

-1 engine to rotate at a speed in excess of
110 percent of its maximum allowable |

‘centinuous speed.

§ 3.419-1 Propeller pitch and speed
limitations (CAA interpretations which
apply to § 3.41%). (a) The low pitch set~
‘ting should comply with.§3.418 (a)°
which states that the propeller shall not
exeeed the rated engine take-off r. p. m.
with take-off power (full throttle unless
limited by manifold pressure) ddring

take-off angd initial climb at best rate of |

climb speed. It is not permissible to use
a lower pitch setting than that specified
above in order to obtain take-off r. p. m.

purpose of showing compliance with
'$3.85 (c), Balked Landing Conditions.
An exception to the above may be granted
in the specific case covered by § 3.85-5/

when satisfactory engine cooling can be
demonstrated at the best 2ngle of climb
speed in the baiked randmg confisura-
tion (§3.85 (c)). However, In cases

‘where the interpretation of §3.85 does

not govern, it will be necessary to con-
iduet the balked landing climb with what-
‘ever T. p. . is possible without exceeding
the engine take-off limifations with the
low piteh setting determined in accord-
ance with §3.419 (a). _

(b) In.cases where the airplane is to
be operated using either the water injec-
tion or dry take-off power ratings of the
engines, the low pitch stop setting shall
be determined on the basis of whichever
rating will result in the lower pitch.
This will generally be the “dry” rating.
in instances where the airplane is in-
tended to be operated only at the water.
injection take-off power ratings of the
engines, the fow pitch stop for the pro-
pellers should be determined-on that
basis. These settings are to be deter-.
mined in the usual manner with the
airplane static unless there are uncon-

ventional features in the propeller in-’

stallation requiring this determination
by some other means. )
(c) Ih cases where dual engines drive
a single propeller through free wheeling
chutches, the setting of the low pitch stop
should be such that the propeller will
not overspeed when take-off power is
applied to one engine at an airplane
speed of To.
[Supp. 10, 16 F. R. 3201, Apr. 14, 1951]

$3.420 §peed and pitch limitations
for controllable pitch propellers without
constand speed controls, The stops or
other means incorporated in the pro-
peller mechanism to restrict the pitch:
range shall limit (a) the lowest possible
blade pitch to a value which will assure

compliance with the provisions of

§3.419 (a), and (b the highest possible
blade piteh to a value not lower than the
fiattest blade piteh with which compli-
ance with the provisions of §3.419 ()
can be demonstrated. .

§3.421 Veariable pitch propellers with
constant speed. controls. (a) Suitable
means shall he provided at the governor
to limit the speed of the propeller,
Such means shall limit the maximum
governed engine speed fo a value not
exceeding its maximum permissible
take-off revolutions per minute.

(b’ The low pitch blade stop, or other
means incorporated in the propeller
mechanism fo restrict the piteh range,
shall limit the speed of the engine to a
value not exceeding 103 percent of the
‘maximum Dpermissible take-off revolu-

‘tions per minute under the following

conditions: -
(1) Propeller blades sef in the Yowest

‘possible pitch and the governor inop-

erative.

(2). Engine operating at take~-off man-
ifold pressure with the airplane station-
ary and with no wind.

. §$3.422 Propeller clearance. With

 the airplane loaded to the maximum

weight and most adverse center of grav-
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‘shall be constructed and arranged in a

ATRPELANE AIRWORTHINESS;

ity position and the propeller in the
most adverse pitch position, ptopellerﬂ
ciearances shall not_be less than the
following, unless smaller clearances are!
properly substamtiated for the particular
desien involved:

(a) Ground .clearance. (1) Severn
inches (for airplanes equipped with nose}:
wheel type landing gears) or 9 inches
(for girplanes equipped with tail wheel
type landing gears) with the landing,
gear statically deflected and the alrplane’
in the level, normal take-off, or taxying.
attitude, whichever is most critical.

(2) In addition to subparagraph (1)
of this paragraph, there shall be positive.
clearance between the propeller and the:
ground when, with the airplane in the
level take-off attitude, the critical tive is
completely deflated and the correspond-
ing landing gear strut is eompletely bot-
tomed.

(by Water clegrance, A minimum
clearance of 18 inches shall be provided
unless compliance with §3.147 can be
demonstrated with lesser clearance.

(¢} Structural clearance. (1) One
inch radial clearance between the blade
tips and the airplane structure, or what~

ever additional radial clearance is neces- |

sary to preclude harmful vibration of
the propeller or airplane.

(2} One-half inch longltudinal clear-
anee between the propeller blades or
cuffs and stationary portions of the air-
plane. Adequate positive clearance
shall be provided between other rotating
portions of the propeller or spinner and
stationary portions of the airplane.

§ 3.422-1 Propeller clearance on fri-
cyele gear airplanes (CAA interpretations
which apply to §3.422 (a) )), In
determining minimum propeller clear-
ance for saireraft equipped with tri-
cycle gear, dyhamic effects need not be
considered. T
[Supp. 10, 16 F. R. 3291, Apr. 14, 1951]

§3492-2 Fropeller clecrance:on air-'
eraft with leqf spring type shock strufs |
(CAA inferpretations which apply fo
§3.422 (@) (2)). Section 3.422 (@) (2)
applies only to conventional Ilanding®
gear siruts emaploying fluid and for
mechanical means for absorbing landing |

shocks. For aircraft employing struts of'

the leaf spring type, a deflection corre- |
sponding to 1.5g should be used to deter—|
mine whether positive clearance exists.
{Bupp. 10, 16 P, R. 3291, Apr. 14, 1951],

PUEL SYSTEM
§3.499 Genergl. The fuel system

manner to assure the provision of fuel
to each engine at a flow rate and pres-
sure adequate for proper engine func-i
tioning under all normal conditions off
gperation, including all maneuvers and
acrobatics for which the airplane is in-
tended.
ARRANGEMENT

§3.430 Fuel system arrangement.
Fuel systems shall be so arranged as to

permit any one fuel pump to draw fuell.
from only one tank at a time, Cravity

¥ of more than one engine and will not re-

.any one enzine from more than ont tank
at a time unless the tank air spaces are
interconnected in such a manner as to
assure that all interconnected tanks will
ifeed equally, (See also § 3.439.)

i §3.431 Multiengine fuel sysiem ar<
rangement. The fuel systems of multi-
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Dbe 150 percent of the a.ctual take-oﬂf !ueI

& el
‘TAmadt. 32, 15 F. R 8501, Dec 15, 1850]
§ 3.435 Fuel fiow rate for pump sys-

1 tems. ﬂ&ﬁmmmuumys- .

0.9 poupd. per Thour.t

‘engine airplanes which are required to

- horsepower or 125 percent of theac

tomply with the provisions of § 3.85 (b

shall be arranged o permit operation in
at least one configuration in such a man-’
ner that the failure of any one compo~
nent will not result in the loss of power

quire immediate action by the pilot to
prevent the loss of power of more than
one-engine. TUnless other provisions are
made to comply with this requirement,
the fuel system shall be arranged to per-

a system enfirely independent of any
portion of the system supplying fuel to,
the other engines. Other multiengine
airplanes shall alsp comply with the re-
quirement except that separate fuel
tanks need not be provided for each
engine.

‘[Amdt. 3-4, 15 F, R. 8801, Dec. 15, 1850]

§3.432 Pressure cross feed arrange-,
ments. Pressure cross feed lines shall
| not pass through: portmns of the gir-
Pplane devoited to carrying personnel or
eargo, unless means are provided to per-
mit the Hight personnel to shut off the!
supply of fuel to these lines, or uniess)
any joints, fittings, or “other possible:
‘sources of leakage installed in such lines
are enclosed in a fuel- and fume-proof)
enclosure which is ventlated and
‘drained to the exterior of the alrpla,ne
Bare tubing need not be enclosed but)
shail be protected where necessary.
against possible inadvertent damage.

OPERATION
§3.433 Fuel flow rate. _The a.bility
of the fuel system to provide o

quired Tue Hhd pressure shalf

€hiotistrated when FDIAne I8 an
o most
20 = ondition s £ 1 -

system, In which the most adverse con~|
ditions are simulated, may be used for
this purpose. The quantity of fuel in
the tank’ being tested shall not exceed|
:the amount established as the unusabl

fuel supply for that tank as determined
by demonstration of compliance with
the provisions of §3.437 (see alsol

4§ 3.440 and 3.672), plus whatever mini-
mum gquantity of fuel it may he neces-~
sary to add for the purpose of conduct-
ing the flow test. If a fuel fowmeter is
provided, the meter shall be blocked
during the flow test and the fuel shall
flow through the meter bypass. '

§-3.43¢ Fuel flow raie for gravity sys..
tems. The

mit supplying fuel to each engine throughj:

ake-off fue

1 whichever is s%ﬁ.&tﬂl This flow ra
shall be abpplicable to both the primary

engine-driven pump and the emergency
pumps and shall he available when the
‘pump is running at the speed at which
it would normally be operating during
take-off, In the case of hand-operated .
bumps, this speed shall be considered to-
‘be not more than 60 complete cycles (120
single strokes) per minute, , :
§3.496 Fuel flow rate for suriliary’
fuel systems and fuel tramsfer systemsi
The provisions of §3434 or §3.435;
whichever is applicable, shall also apply’
to auxiliary and transfer systems with!
‘the exception that the required fuel flow:
‘rate shall be established upon the basis'
jof maximum continuous power and

Yepeed instead of take-off power and speed.:

A lesser flow rate shall be acceptable,
‘however, in the case of a small auxiliary:
tank feeding into a large main tank’
prov1ded a suitable placard is installed to
require that the auxiliary tank must only‘
‘be opened to the main tank when al
predetermmed satisfactory amount of
‘fuel stil] remains in the main tank,

" §83.437 Determination  of uniusable
‘fuel supply end Fuel system operation on
dow fuel. <(a) The unusable fuel supply:
for each tank shall be established as noty
| less than the quantity at which the first;
‘evidence of malfunctioning oceurs under
‘the conditions specified in this section..
"(See also §3. 440 In the case of air-;

. § planes equipped with more than one fuel
4 tank, any tank which is not required w0

feed the engine in all of the conditions
‘gpecified in this section need be investi~
gated only for those fiight conditions in’
which it shall be used and the unusable:
fuei supply for the particular tank in
question shall then be based on the mosh
critical of those conditions which are
found to be applicable. In all such:

i cases, information regardingthe condi-;
i} tions under which the full amount of

UL Tequired . or T retor
1 oper: suitable mock—up of he‘

usable fuel in the tank can safely be used
shall be made available to the operating
personnel by means of a suitable placard,
or instructions in the Airplane Flight
Manual,

(b) Upon presentation of the airplane’
for test, the applicant shall stipulate the.
quantity of fuel with which he chooses’
to demonstrate compliance with this
provision and shall also indicate which
of the following conditions is most crit-.
'ical from the standpoint of establishing
the unusable fuel supply. He shall glso:
indicate the order in which the ofher
conditions are critical from this stand-
‘point:

(4D} Level fhght at maximum confinu-
ous power or the power required for Ievel

feed systems shall not supply fuel to

_systems (main and reserve supply) shall

flight at V., whichever is less.
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(2y Climd at maximum cohtihuous!
‘nower at the calculated best angle of
climb at minimum weight.

(3} Rapid application of power and
subsequent -transition to best rate of
climb following a power- -off glide ati]
1.3 Vs,

(4) Sideslips and skids in level flight,
climb, and glide urder the conditionsy
specified in subparagraphs (1), (2), and
(3) of this paragraph, of the greaiest
_severity likely to be encountered in nor-
mal service or in turbulent air.

(¢) In the case of utility category a.xr-
planes, there shall be no evidence of mal-
‘functioning during the execution of all
approved maneuvers included in the Alr-
‘plane Flight Manual. ‘During this test
the quantity of -fuel in each tank shall
not exceed the. .quaniity established as
the unusablé fuel supply, in accordance’
‘with paragraph (h) -of tHis section, plus
0.63 gallon for each maximum continu-
ious horsepower for which the airplane is;
certificated.

¢(d) In the case of acrobatic category
airplanes, there shall be no evidence of

malfunctioning during the execution of
all approved maneuvers included in thg’
Airplane Flight Manual. During this
test the quantity of fuel in each tapk
shall not exceed that specified in para-
_graph {¢) of this section.

(e) If an engine can he supplied with
fuel from more than ohe tank, it shal'
be possible to régain the full power ana
fue! pressure of that engine in not more
than 10 ‘seconds (for single-engine air-
planes) or, 20 seconds (for multiengine
airplanes) after switching to any full
tank  after engine malfunctioning bhe-
comes apparent due to the depletion of
the fuel supply in any tank from which
‘the engine can be fed. Compliance with
this provision shall be demcnstrated in
Jevel flight.

(f) There shall be no evidence of mal-
functioning during take-off and climhb
for 1 minute at the calculated attitude
of best angle of climb at take-off power:
and minimum weight. At the beginning
of this test the quantity of fuel in each
tank shall not exceed that specified in
paragraph (¢) of this section.

$ 3.438 Fuel system hot wealher oper-
ation. Airplanes with suction lift fuel
-gystems or other fuel system featuress
conducive to vapor formafion shall- be
demonstrated to be free from vapor lock

o

when using fuel at a temperature of 110°
F. under critical operating conditions,
[Amdt. 3~4, 15 F. R. 8901, Dec. 15, 1950}

§ 3.439 Flow between interconnected
tanks. In the case of gravity feed sys-
tems with tanks whose outlets are in-
terconnected, it shall not be possible for
fuel to flow between tanks in gquantities
sufficient to cause an overflow of fuel
from the tank vent when the airplane is
‘operated as specified in § 3.437 (a) a.nd
the tanks are full.

FUEL TANKS

1-at least 0.5 p.s. L.
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‘capable of withstanding without Zaiitre
any vibration, inertia, and fluid and

. struetural loads to which they may be;

subjected in operation. Flezible fuel
tank liners shall be of an accebiable type:
| Integral type fuel tanks shall be provided

tion and repair of the tank interior. The'
totzl usable capacity of the fuel tanks
shall not be less than 1 gallon for each
sevell maximum continuous rated horse-
power for which the airplane is certifi-
cated. The unusable capacity shall be

{ considered to be the minimum quantity

of fuel which will permit compliance with
the provisions of §3.437. The fuel
‘guantity indicator shall bhe adjusted to
-ageourt for the unusable fuel supply as
specified in §3.672. If the unusable
‘fuel supply in any tank exceeds 5 per-
.cent of the tank capacity or 1 gallon,
whichever is greater, a placard and a
suitable notation in the Airplane Flight
Manual shall be provided to indicate to
the ﬂzght personnel that the fuel remain-
ing in the tank when the quantity indi~
cator reads zero cannot be used safely.
-in flight. The weight of the unusable
fuel supply shall be included in the empty
weight of the airplane.

§3.441 Fuyel fank tests. {(a) Fuel
tanks shall be capable of withstanding.
the following pressure tests without fail-
‘ure or leakage,. These pressures may he
applied in a manner simulating the
-actual pressure distribution in service:

(1) Conventional metal tanks and
‘nonmetallic tanks whose walls are not
supported by the airplane structure: A
pressure of 3.5 p. s. 1. or the pressure de-
veloped during the maximum wultimate
acceleration of the airplane with a full
tank, whichever is greater.

(2) Integral tanks: The pressure de-
veloped during the maximum limit ac-

celeration of the airplane with a full
tank, simultaneously with the applica-

(3) Nonmetallic tanks the walls of
which are- supported’ by the airplane
structure: Tanks constructed of an ac-
ceptable basic tank material and type of
‘construction and with actual or simu-

1 lated support conditions shall be sub-

jected to a pressure of 2 p. s. i. for the
first tank of a specific design. Subse-
quent tanks shall be production tested to
The supporting struc-
ture shall- be designed for the critical
Jloads gecurring in the flight or landing
-strength conditions combined with the

"corresponding accelerations.

- (b} (1) Tanks with large unsupported
or unstiffened flat areas shall be capable
-of withistanding the following tests with~
out leakage or failure, The complete.

orts, shall be subjected to a vibration.
test when mounteg@ in a2 manner simulai-

'} assembly shall be vibrated for 25 hours
at a total amplitude of not Jess than 14
of an inch while filled 24 full of water.

§ 3.440 Generol.. Fuel tanks shall be

The frequengy of vibration shall be 90

with adequate facilities for the inspec--

tion of the critical limit structural loads.:

*fuel pressure leads resulting from the

%a.nk assembly, together with its sup-'} -

ing the actual installation, The tank!

pereent of the maximum econtinuous -
rated speed of the engine unless some’
other frequency within the normal
operating range of speeds of the engine
.is more critical, in which case the latter
speed shall he employed and the $ime of
test shall be adjusied to accomplish the
same number of vibration cycles.

(2 In conjunction with ihe vibration
test, the tank assembly shall be rocked.

rthrough an angle of 15° on either side of

the horizontal (30° total) about an axis
parallel to the axis of the fuselage. The
assembly shall be rocked at the rate of
16 to 20 complete cycles per minute.

(¢) Integral tanks which incorporate
methods of construction and sealing not
previously substantiated by satisfaetory
test data or service experience shall be
capable of withstanding the vibration
test specified in paragraph (b} of this
‘section.

(d) (1 'Tanks with nonmetallic
liners shall be subjected to the sloshing
portion of the test outlined under para-
graph (b} of this section with fuel at
room temperature.

(2} In addition, a specimen liner of .
the same basic construction as that fo
be used in the airplane shall, when in-
stalled in a suitable test tank, satisfac-
torily withstand the slosh test with fuel
at a temperature of 110° F.

§3.442 Fuel tank installation. (a)
The method of supborting tanks shall
not be such as {0 concentrate the loads
resulting from the weight of ‘the fuel in
the tanks. Pads shall be provided to
prevent chafing hetween the tank and
its supports. Materials employed for -
padding shall be nonahsorbent or shall be
treated to prevent the absorvtion of fuels.
If fAexible tank liners are employed, they
shzll be of an approved type, and they
shall be so supported that the liner is not
required to withstand fluid loads. In-
terior surfaces af campartments for such
‘liners shall be smooth and free of pro-
jections which are apt to cause wear of
the liner, unless provisions are made for
the protection of the liner at such points

 or unless the construction of the liner

ifself provides such profection, A posi-~
tive pressure shall be maintained within -
-the vapor space of all bladder cells under
all conditions of operation including the
eritical condition of low air speed and
rate of descent likely to be encountered
in normal operation. '

(b) Tank compartments shall be ven-
tilated and drained to prevent the ac-
cumulation of inflammable fluids or
vapors. Compartments adjacent to
tanks which are an integral part of the
dirplane structiure shall also be ventilated
ahd drained.

(¢) Fuel tanks shall not be located on
‘the engine side of the fire- wall. Not
less than one-half inch of clear air space
shall be provided between the fuel tank
‘and the fire wall. No portion of engine
nacelle skin which lies immediately be-
‘hind a major air egress opening from the
engine compartment shall act as the wall,



“of anl integral tank. Fuel tanks shal’l}

lation and drainage are provided, In

.amended by Amdt. 8-4, 15 F. B. 8901, Dec. 15.,

‘having & fuel capacity in excess of 25 gal-
lons is located in & personnel compart-f

'of the tank capacity, unless the tankj

‘required.

‘tank shall be provided with a drainable

*for the main filler opening. However,
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not be located in personnel compart

menks, excepy in the case of smgle—
engine airplanes. In such cases fuell
tanks the capacity of which does not
exceed 25 gallons may be located in per-
sonnel compartments, if adequate venti-

all other cases, fuel tanks shall be igo-
lated from personnel compartments by
means of fume and fuel proof enclosures.
[Amdt. 03-3, 11 F. R, 13386, Nov. 9, 1046, as]

1850]

§ 3.442-)  Bladder type fuel cells lo-{
cated in a versonnel comnartment (CAA
‘nterpretations which apply to § 3.442).

In the case where a bladder type fuel cell

ment, a separate fume and fuel proof en-
closure for the fuel cell and its retaining
shell is not deemed necessary provided
the retaining shell is at least equivalent
to & conventional metal fuel tank in
structural integrity and fume and fuel
tightness. - The shell. surrounding the

tank should be adequately drained to the
‘exterior of the airplane. -

[Supp. 10, 16 F. R. 3201, Apr. 14, 1951]

§3.443 Fuel lank expansion space, N
Puel tanks shall be provided with an ex-
‘pansion space of not less than 2 percent'

vent discharges clear of the aircraft ing
which casé no expansion space will be
It shall not be possible in-
advertently to fill the fuel tank expan-
sion space when the airplane is in the
normal ground attitude.

‘§ 3.444 Fuel fank sump. (a) Eacb.r
sump having a capacity of not less than
0.25 percent of the tank capacity or ¥g
gallon, whichever is the greater. It shall
be acceptable to dispense with the sump,
if the fuel system is provided with a sedi-
ment bowl permitiing ground inspec-;
tion. The sediment bowl shall also be|
accessible for drainage. The capacity of;
the sediment chamber shall not be less;
than 1 cunce per each 20 gallons of t.he
fiel tank capacity.

(b) If a fuel tank sump is prowded.
the capacity specified in paragraph {(a)
of this section shall be effective with
the airplane in the normal ground atti-
tude and in all normal flight attitudes.

(c) If a separate sediment bowl is pro-
vided in lieu of a tank sump, the fuel
tank outlef shall be so located that, when,
the airplane is in the normal ground at-!
titude, water will drain from all portions|
of the tank to the sediment howl. ]
[ Amdt. 34, 15 F. R. 8901, Dec. 15, 1950; Amdt.;
3-8, 17 F. R. 4742, May 24, 1952]

§ 3.445 Fuel tank filler connection
(a) FPuel tank filler connections shall
marked as specified in §3.767.

{b) Provision shall be made to preven
the entrance of spilled fuel into the fuel
tank compartment or any portions of th
‘sirpiane other than the tank itself. Th
filler cap shsall provide a fuel-tight sea

véntifig purposes of to permit Dassagé’
of a fuel gauge through the cap shall be
permissible.

§3.446 Fuel tank vents and carbu-
retor vapor vents. (a) Fuel tanks shall
be vented from .the top portion of the|
expansion space, Vent outlets shall bel
50 located and constructed as to mini-~
mize the possibility of their being ob-

structed by ice or other foreign matter.]’

The vent shall be so constructed as to
preclude the possibility of siphoning fuel
during normal gperation. The vent shall
be of sufficient size to permit the rapid
relief of excessive differences of pressure
hetween the interior and exterior of the
tank. Air spaces of tanks the outlets of
‘which are interconnected shall also be
interconnected. -- There shall be no un-
drainable points in the vent line where
moisture is apt to aceumulate with the
ajrplane in eithei the ground or level
flight attitude. Vents shall not termi-
nate at points where the discharge of
fuel from the vent outlet will constitute’
a fire hazard or from which fumes may
enter pgrsonnel compartments.

(b) Carburetors which are prowded

Jwith vapor elimination connections

i shall be provided with & vent line which
will lead vapors back to one of the air-
plane fuel tanks, If more than one fuel
]tank is provided and it is necessary to use
these tanks in a definite sequence for
any reason, the vapor vent return line
shall lead back to the fuel tank which
must be used first unless the relative
capacities of the tanks are such that re-
turn to ancther tank is preferable.

§ 3.447-A  Fuel tank vents, Provision
shall be made to prevent excessive loss
of fuel during acrobatic maneuvers in-~
cluding short perjods of inverted flight.
It shall not be possible for fuel to siphon
from the vent when normal flight has
been restmed affer having executed any
acrobatic maneuver for which the air-’
plane is intended.

§ 3.448 Fuel tank outlet. The fuel
tank outlet shall be provided with a
screen of from § to 16 meshes per inch.
If a finger strainer is used, the length of
the strainer shall not be less than 4 times.
the outlet diameter. The diameter of
the strainer shall not be less than the
diameter dof the fuel tank cuflet. PFinger:
strainers shall be accessible for inspec-
tlon and cleaning.

FUEL PUMPS

§ 3.449 Fuel pump and mcmp mstal-
Jation. (a) If fuel pumps are provided to
maintain a supply of fuel to the engine,
at least one pump for each engine shall
be directly driven by the engine. Fuel.

pumps shall be adequate to meet the fiow-}

requirements of the appl:cable portmns
‘of §§3.433-3438,

(b) Emergency fuel pumps.shall be {

provided to permit supplying all engines’
with fuel in case of the failure of any
one engine-driven pump, except that if
an engine fuel injection pump which has
been certificated as an integral part of

&mall openings in the fuel tank cap fo

the engine is used, an emergency pump

is not required.” Ermergency pumps shall’

‘be available for immediate use in case of

the failure of any other pump. If both
ihe normal pump and emergency pump
operate continuously, means shall be
provided to indicate to the crew when

Feither pump is malfunctioning.

fAmds. 03-0, 11 F. R. 18386, Nov. 9, 1946, as

smended by Amdt. 34, 15 F. R. 8901, Dec. 15,

1950]
LINES, FITTINGS, AND ACCESSORIES

§ 3.550 Fuel system lines, fitfings, and
accessories, Fuel lines shall be installed
and supported in a manner which will
prevent excessive vibration and will be
adequate to withstand loads due to fuel

pressure and accelerated fight condi-

tions. Lines which are connected to

components of the abrplane between'

which relative motion might exist shall

“incorporate provisions for flexibility.

Flexible hose shall be of an accepta.ble
type

§3.551 Fuel valves. (a) Means shani
be provided to permit the flight person-
nrel to shut off rapidly the Aow of fuel to
any engine individipally in flight. Valves
provided for this purpose shall be located
on the side of the fire wall most remote:
from the engine.

(b) Shut-off valves shall be so con-
structed as to make it possible for the
flight personnel {o reopen the valves rap-

idly after they have once been closed.

() Valves shall be provided with either

‘positive stops or “feel” in the on and off:

positions and shall be supported in such

.2 manner that loads resulting from their
‘operation or from aceelerated flight con.”

'ditions are not transmitied to the lines
connected to the valve, Valves shall be
s0 installed that the effect of gravity and.
vibration will tend to turn their handies
to the open rather than the closed posi-
tion,

§ 3.552 Fuez strainer. A fuel strain-
er shall be provided between the fuel
tank outlet and the carburetor inlet. If
an engine-driven fuel pump is provided,

the strainer shall he located hetween the
tank outlet and the engine-driven pump

inlet, The straziner shall be accessible,
for drainage and cleaning, and the.
strainer screen shall be removable.

DRAINS AND INSTRUMENTS

3.553 Fuel system drains, Drains

hall be provided te permit safe drain-

‘fage of the entire fuel system and shall -

‘incorporate’ means for locking in the
closed position. The provisions for
drainage shall be effective in the normal
ground attitude.

[Amdt. 34, 15 F. B. 8901, Dec. 16, 1850]

§ 3.564 Fuel system instruments. (See
§ 3.655 and §§ 3.670 through 3.673.)

O1L SYSTEM
§3.561 Ozl-system. Each engine shall-

be provided with an independent oil sys-

tem capahble of supplying the engine with
an ample quantity of oil at a tempera-
ture not exceeding the maximum which
has been established as safe for continu-
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padity shall not be less than the produe

of tlie endurance of the airplane under
«critical operatinig conditions and the:
maximum oll consurnption of the engine:
‘under the same conditions, plus a sult-
‘able margin to assure adequate system
‘circulation and cooling, In lien of a
rational analysis of airplane range and
oll consumption, a fuel-oil ratio of 30:1
by volume shall be considered aceeptable.
[Amdt, 3—4, 15 F. R. 8901, ‘Dec. 15, 1950]

§ 3.561-1 “Capacily” (CAA inlerpre-
tations which apply fo §3.561), The
word “capacity” as used in § 3.561 is in-
terpreted by the Administrator as fol-
lows:

. (a) Only the usable fuel system capéic-
ity need be considered.

(b} In a conventional oil system (no
transfer system provided) only the usable
oil tank capacity shall be considered.
"'The quantity of oil in the engine oil lines,
the oil radiator, or in the feathering re-
‘serve shall net be included. When an oil

‘pus operation. Fhe usabie oil tank ca':l

transfer system is installed, and 'the'p

transfer pump is so located thaf it can'
pump some of the oil in the {ransfer lines’
into the main engine oil tanks, the quan-
tity of oil in these lines which c¢an be
pumped by the transfer pump may be.
added to the oil capacity. . : '
[Supp. 1, 12 F. R. 3488, May 28, 1847, as
amended by Amdt. 1, 14 F. R. 3§, Jan. b,
1948]

. §38.562 Oil cooling.' See §3.581 and
pertinent sections.

OIL TANKS

" §8.563 Ol fanks. Oil tanks shall be
_capable of withstanding without failure
all vibration, inertia,.and fiuid loads to
‘which they might Be subjected in
-operation. Flexible oil tank liners shall
be of an acceptable type.

_ §3.564 Oil tank fests. Oil tank tests
shall be the same as fuel tank tests (see
§ 3.441), except as follows: .

(a) The3.50p.s. i pressure specified in
§3.441 (a) shali be 5 pounds p. s. i k
" (b) In the gase of tanks with non-
metallic liners, the test fluid shall be oil
rather than fuel as specified m §3.441
(d) and the slosh test on a specimen liner
shall be conducted with oil at a teraper-.
ature of 250° F.

§3565 O#ff tank installation. Oil
tank installations shall comply with the
requirements of § 3.442 (a) and (b).

§3.5666 Oil fank erpansion space.

'Oil tanks shall be provided with an ex-|.

pansion space of not less than 10 per-
cent of the tank capacity or % gallon,
whichever is greater. It shall not be'
possible inadvertently to fill the oil tank
expansion space when the airplane is in,
the normal ground attitude.

§3.567 Oil fank filler connection,
Ol tank fller connections shall be
marked as specified in § 3.767.

§ 3.568 Oil tank vernt. (a) Oil tanks
shall be vented to the engine crankcase:
from the top of the expansion space 1.3
such = manner that the vent connectio
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is not covered by oil under any normal
flight conditions, ©il tank vents shall
be so arranged thati condemsed water
vapor which might freeze and obstruct
the line cannot accumwate at any point.

(b)Y Cutegory A. Provision shall be
made to prevent hazardous Ioss of oil
during acrobatic maneuvers including
short periods of inverted flight.

'§3.569 Oil tenk outlet. The oil tank
outlet shall not be enciosed or covered
by any screen or other guard which
might impede the flow of 0il. The diam-
‘eter of the oil tank outlet shall not be
less than the diameter of the engine oil
pump inlet. (See also § 3.577.)

LINES, FITTINGS, AND ACCESSORIES

§ 3.570 Oil system lines, fittings, and
aceessories. il lines shall comply with
the provisions of § 3.550, except that
the inside diameter of the engine oil in-
let and outlet lines shall not be less
{han the diameter of the corresponding
engine oil pump indet and outlet.

§3.571 Oilvelpes. See § 3.637.

§3.572 Oil radiafors. Oil radiators
and their support shall be capahle of:
withstanding without failure any vibra-
tion, inertia, and oil pressure loads to
which they might normally he subjected.

§3.573 Oil fitters. If the engine is
equipped with an oil filter, the filter shall
be ceonstructed and installed in such a
manner that complete blocking of the
fow through the filter element will not

1 jeopardize the continued operation of the

engine oil supply system.

§ 3.574 Oil system drains. Drains
shall be provided to permit safe drainage.
of the entire oil system and shall incor-
porate means for positive locking in the
closed position.

§ 3575 Engine breather lines. (a).
Engine breather lines shall be so ar-
ranged that condensed water vapor.
which might freeze and obstruct the line
cannot accumulate at any point.
Breathers shall discharge in a location,

 in case foaming occurs and so. that oil'
emitted from the line will not impinge
upon the pilot's windshield. The
breather shall not discharge intg the.
‘engine air induetion system.

(b) Category A. In the case of acro-,

made to prevent excessive loss of oil from;

1 the breather during acrobatic maneuvers

including short periods of inverted fight.

§8.3.655, 3.670; 3.671, and 3.674.

§3.577 Propeller feathering system.
If the propeller feathering system is de-
pendent upon the use of the engine oil

| supply, provision shall be made to trap a |

quantity of.eil in the tank in case the!
supply becomes depleted due to failure of.

{any portion of the lubricating system

-other than the tank itself. The quantity
‘of oil 50 trapped shall be suficient to ac-
complish the feathering operation and:
vghall be available only to the feathering

which will not constitute a fire hazardj

. apply to § 3.583).

batic type airplanes, provision shall be !

535176 Oil system instruments, See|]

pump. The ability of the system t6 ac-
complish feathering when the supply of
oil has fallen to the above level shall be
demonstrated. .

COOLING
§$3.581 Generol. The

mgintaining the ftemperatures of all
power-plant components, engine parts,
and engine Auids (oil and coclant), at or
‘below the maximum established safe val-
ues under critical conditions of ground
and flight operation.
‘ TESTS
§3.582° Cooling fests. Compliance
with the provisions of § 3.581 shall be
demonstrated under critical ground, wa-
ter, and flight operating conditions. If
the tests are conducted under conditions

which deviate from the highest antici-

pated summer air temperature (see
§ 3.583), the recorded power-plant tem-
peratures shall be corrected in accord-
ance with the provisions of §§ 3.584 and
3.585. The correcied temperatures de-
termined in this manner shall not exceed
the maximum established safe values.
The fuel used during the cooling tests
shall be of the minimmum octane number

approved for the engines involved, and -

the mixture settings shall be those appro-
priate to the operating conditions. The
test procedures shall be as outlined in
§§ 3.586 and 3.587. '

§ 3.582-1 Water taxiing tests (CAA in-
terpretations which apply to § 3.582).
No water taxiing tests need be conducted
on aircraft certificated under this part,
except in the case of flying boats which
may reasonably be expected to be taxied
for extended periods.

[Supp. 10, 16 F. R, 8201, Apr, 14, 1851]

§ 3.583 Maximum anticivated sum=
mer qir temperatures. The maximum
anticipated summer air temperature
shall be comsidered to be 100° F. at sea
level and to decrease from this value at
the rate of 3.6° F. per thousand feet of
‘altitude ahove sea level.

§ 3.583-1 Powerplant winterization
equipment (CA4 interprelations which
(a) Cooling test re-
sulis for winterization instaliations may
‘be corrected to any temperature desired
by the manufacturer rathe.r than the
conventional 100° F. hot day. For-ex-

ample, If a manufacturer chooses to
demonsirate cooling to comply with re-'

‘quirements for a 50° or 80° F. day with
winterization equipment installed, he
may do s0. In such a case the sea level
temperature for correction purposes
‘should be considered to be the value
elected by the manufacturer with a rate
of temperature drop of 3.6° P. per thou-
sand feet above sea level

(b) Cooling tests and temperature
gorrection methods should be the same as
For conventional eogling tests.

. _{e) The airplane flight manual should
clearly indicate that winterization equip-
ment must be removed whenever the.

‘teiperature reaches the limit for which
‘adequate cooling has been demonstrated.

poweerlant
cooling provisions shall be capable of.



. barrel temperalures.
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The cockpit sheuld also be placatded aée
cordingly.

ature gauge (depending upon which is
critical).

(d) If practical, winterization equip-
‘ment such as bafiles for cil radiators or
.for engine cooling air apenings should be

marked clearly to indicate the Iimiting
temperature at which this eqmpment
should be removed.

(e) Since winterization equlpment is,
:often supplied in kit form, accompanied-
by instructions for its installation, suit-

‘able information regarding temperature:
limitations should be ineluded in the in-
stallation instructions for such kits.
[8upp. 10, 16 F, R. 3291, Apr. 14, 1951]

§ 3.584¢ Correction factor jor cylin-
der head, oil inlet, carburetor air, and
engine coolant dnlet iemperatures.
‘These temperatures shall be corrected by
adding the difference befween the max-
imum anticipated summer air tempera-
ture and the temperature of the ambient
air at the time of the first occurrence of*
maximum head, air, oil, or ¢oolant tem-
perature recorded during the cooling test.

§3.585 Correction factor for cylinder
Cylinder barrel
temperatures shall be corrected by add-
ing 0.7 of the difference hetween the
maximum anticipated summer air tem-

perature and the temperature of the am-{:

bient air at the time of the first oceur-
rence of the maximum cylinder barrel
temperature recorded during the cooling
test

§3.586 Cooling test procedure fo-r
single-engine airplanes. This test shall
be conducted by stabilizing engine tem-
peratures in flight and then starting at
the lowest practicable altitude and climb-
ing for 1 minute at take-off power. At
the end of 1 minute, the climb shall be
continued at maximum continuous power.
until at least 5 minutes after the oceur-

rence of the highest temperature re-}

corded. The climb shall not be con-
ducted at a speed greater than the best
rate-of-climb speed with maximum con-
tinuous power uniess:

(a) The slope of the flight path at.the
speed chosen for the cooling test is equal
to .or greater than the minimum re-
quired angle of climb (see § 3.85 (a)),
and

(b) A cylinder head temperature in-
dicator is provided as specified in § 3.675.

§3 587 Cooling fest procedure for.
multiengine airplanes—(a) Airplanes
which meet the minimum one-engine-
inoperative climb performance specified,
in § 3.85 (b}, The engine cooling tesy
for these airplanes shall be conducted;
with the airplane in the configuration
specified in §3.85 (1), except that the
operating engine(s) shall be operated atf
maximum continuous power or ab full
throttle when above the critical altitude.

After stabilizing temperatures in flight)]
“the climb shall he started at the, lower

In addition, the airplahe
should be equipped with an ambient air
temperature gauge or, alternatively, a.
eylinder head, barrel, or oil inlet temper-.

‘of the two following altitudes and shall

be continued until at least 5 minutes
after the highest t.empera.tu.re hag been
recorded: -

(1) 1,000 feet below the engine cr1t~
ical a1t1tude or at the lowest pra.ctlca,ble
altitude (when applicable). -

(2) 1,000 feet below the altitude at
which the single- engme inoperative rate
of climb is 0.02 Vs,;®

The climb shall be conducted at a

‘speed not in excess of the highest speed

at which compliance with the climb re-

‘quirement of §3.85 (b) can be shown.

However, if the speed used exceeds the
speed for best rate of climb with one
engine inoperative, a cylinder-head tem-~
perature indicator shall be prowded as

‘I specified in § 3.675.

(b) Airplanes which cannot meet the

‘minimum one-engine-inoperative climd

performance specified in § 3.85 (b). The
engine cooling fest for these airplanes
shall be the sdme as in paragraph

“(a) of this section, except that after
stabilizing temperatures in flight. the

climb {or descent, in the case of air-
planes with zero or negative one-engine-
inoperative rate of climb) shall be com-~
menced at as near sea level as practicable
and shall be conducted at the best rate-
'of-climb speed (or the speed of min-
‘imum rate of descent, in the case of air-
‘planes with zero or negative one-engine-
inoperative rate of elimhb).

§ 3.587-1 Cooling test procedure for
#win-engine aircraft which do not meet
the minimum one-engine-inoperative

¢limb performance (CAA interpretations|

awhich apply t0 § 3.587 (b)), In orderto

L provide a practicable test procedure for

compiiance with this requirement, the
engine temperatures should be stabilized
in flight at the lowest practicable altitude

above the ground, with maximum con-

tinuous power from the engine on which

cooling is being investigated, and withl.

just sufficient power on the other engine

to maintain Ievel flight at the speed for

minimum rate of descent. ’

[Supp. 10, 16 F. R. 3262, Apr. 14, 1851]
LIQUID COOLING SYSTEMS

§3.588 Independent systems. Each
liquid cooled’ engine shall be provided
with an independent cgoling system.
‘The cooling system shall be so arranged

‘that no air or vapor can be trapped in:
-any portion of the system, except the ex-

pansion tank, either during filling -or
during operation.

§ 3.589 Coolant tank. A coolanttank: :

shall be provided, The tank capacity
‘shall not be less than 1 gallon plus
10 percent of the cooling system capacity.

- Coolant, tanks shall be capable of with-

‘standing without failure all vibration,
Ainertia, and fluid loads to which they
may be subjected in operation. Coclant
tanks shall be provided with an expan-
sion space of not less than 10 percent of
‘the total cooling system capacity. It

shali not be possible inadvertently to fill

the expansion space with the airplane in'
‘the normel ground attitude.

- §3.590 Coolant tank tests.

‘tank tests shall be the sathe as fuel tank’
tests (see § 3.441), except as follows:

(a)} The 3.5 pounds per square inek
pressure test of §3.441 (a) shall be re-
placed by the sum of the pressure de-
veloped during the maximum ultimate
acceleration with a full tank or a pres--
sure of 3.5 pounds per square ineh,
;whichever is greater, plus the maximum
'working pressure of the system,

(b) In the case of tanks with non-
‘metallic liners, the test fluid shall be
coolant rather than fuel as specified in
§ 3.441 (d), and the slosh test on a speci-
men liner shall be conduected with eool-
ant at operating temperature.

§3.591 Coolant tank insiallation.
Coolant tanks shall be supported in a
manner so as to distribute the iank
loads over a large portion of the tank
surface. Pads shall be provided to pre-
vent chafing between the tank and the
supporf. Material used for padding
shall be nonabsorbent or shall be treated
to prevent the absorption of inflammable
fluids.

§ 3.592 Cooclant tank filler connec<
tion, Coolant tank filler connections
shall be marked as specified in § 3.767.
Provisions shall be made {¢ preven$ the
entrance of spilled coclant into the eool-
b ant tank compartment or any portions
of the airplane other than the tank it-
self. Recessed coolant filler connections
shall be drained and the drain-shall dis-
charge clear of all portions of the air-
plante,

§$3.593 Coolant lines, fitiings, and
accessories. Coolant lines shall comply
‘with the provisions of § 3.550, except
ithat the inside diameter of the engine
coolant inlet and outlet lines shall not
‘be less than the diameter of the corre-
sponding engine inlet and outlet con-
nections. .

§3.594 Coolant radiators. Coolant
radiators shall be capable of withstand-
ing without failure any vibration, iner-
tia, and coolant pressure loads to which
‘they may normally be subjected.  Radi-
.ators shall be supported in a manner
which will permit expansion due to oper-
ating ‘temperatures and prevent the.
transmittal of harmful vibration to the
radiator. If the coolant employed is in-
flammable, the air intake duet fo the
coolant radiator shall be so located that
fAames issuing from the nacelle in case.

| of fire cannot impinge upon the radiator,

$3.595 Cooling system drains. One
or more drains shall be provided to per-
mit drainage of the entire cooling sys-
‘tem, ineluding the coolant tank, radia-
‘tor, sind the engine, when the airplane is
in the normal ground attitude. Drains
shall discharge clear of all portions of
the airplane and shall be provided with
means for positively locking the drain in
the closed position. Cooling system
drains shall be accessible,

§ 3.596 Cooling system mstmments
Bee §§3.655, 3.670, and 3.67L.

Coolant

INDUCTION SYSTEM
§.3.605 General. (a) The engine air




46

induetion system shall permit supplying
an adequate quantity of air to the engine
under all conditions of operation.

(b) Each engine shall be provided
with at least two separate air intake
sources, except that in the ease of an
engine equipped with a fuel injector only

one air intake source need be provided,

if the air intake, opening, or passage is.
unobstrueted by & screen, filter, or other
part on which ice might form and so-
restrict the air flow as to affect adversely
engine operation. It shall be permissible.
for primary air intakes to open within
the cowling only if that portion of the
cowling is isolated from the engine acees-.
sory section by means of a fire-resistant
diaphragm or if provision is made to pre-
wvent the emergence of backflre flames.
Alternate air intakes shall be located in
a sheltered position and shall not open:
within the cowling unless they. are so
located that the emergence of backfire:
flames will not result in 2 hazard. Sup-
plying alr to the engine through the
alternate air intake system of the car-
buretor air preheater shall not result in’
the loss of excessive power in addition to
the power lost due to the rise in the
. temperature of the air! .

[Amdt. 03-0, 11 ¥. R. 13388, Nov. 9, 1946, a8’
‘amended by Amdt. 3-4, 16 F. R, 8901, Dec. 15,
19501 ’

§3.606 Induction system  de-icing.
and anti-icing provisions. The engine
- air induction system shall incorporate
means for the prevention and elimina-
tion of ice accumulations in accordance
with theé. provisions In this section. It
shall be demonstrated that compliance
with the provisions outlined in the fol-
lowing parasraphs can be accomplished
when the airplane is operating in airat a
temperature of 30° F. when the air is free
of visible moisture. . :

{a) Airplanes equipped with sea level
engines employing conventional venturi
carburetors shall be provided with a pre-
heater capdble of providing a heat rise
‘of 90° ¥, when the engine is operating at
75 percent of its maximum eontinuous
power.

(b} Airplanes equipped with altitude
engines employing conventional venturi
carburetors shall be provided with a pre-
heater capable of providing a heat rise
of 120° F. when the engine is operating at
75. percent of its maximum continuous
POWEL. : ’ :

(¢) Airplanes equipped with altitude.
engines employing carburetors which
embody features tending to reduce the
possibility of ice formation shall be pro-
vided with a preheater capable of pro-
viding ‘a heat rise of 100° F. when the.
engine is operating at 60 percent of its
maximum continuous power. However,
the preheater need not provide a- heat
Pise in excess of 40° P, if a fluid de-icing
‘system ¢omplying with the provisions of
§§ 3.607-3.609 is also'installed.

(d) Airplanes equipped with sea 1ev'e}/1
engines employing carburetors which
empody features fending to reduce the

possibility of ice formation shall be pro; |’
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vided with a sheltered alternate source
of air. The preheat supplied te this
alternate air intake shall be not less
than that provided by the engine cooling
air downstream of the cylinders. -
(Paragraph (d) amended by Amdt. 3-10, 18
¥, R. 2218, Apy. 18, 1963] . e
. §3.B068-1 Induttion system de-icing
provisions (CAA policies which apply to
§3.608).
carburetors for small engines has been
developed which incorporate the feature

carburefor venturl,
to greatly reduce the possibility of ice

formation in the engine induction sys-

‘tem and the results of extensive tests

‘have demonstrated the carburetors to be

relatively free of icing hazards.

(1) In order to outline the limitations
of our approval for the elimination of
preheat on the carburetors, and to pro-
vide what are considered equivalent

-safety margins the following is stipu-
lated:

(1} This approval applies only to sea
level engines of the general power class,

‘with which the largest of these pressure
carburetors has been tested. No tests

have as yet been conducted on any alti-

tude engines. The largest of these car-
buretors which has been tested at pres-

ent is 2 model which is intended for use
on engines in the general range of ap-
prozimately 220 horsepower. L
(2) Unless the main carburetor air
intake is located in a sheltered position
where it is free from impact icing pos-
sibilities, a sheltered alternate air intake

should be provided even though there is.
-no preheater. .
(¢} During tests of the non-icing quai~

ities of these carburetors, it was found
that in some cases poor idling of the
engine was encountered and this was at~
tributed to a possible ice formation in
the internal carburetor passage which
acts as the air bleed for the main dis-
charge nozzle, As a result, it is necessary
to provide & small intensifier tube to
supply hot air to the air bleed side of the
main discharge nozzle on installation in
which the carburetor and a portion of
the induction system are exposed to the
exterior of the airplane. When the in-
stallation is completely cowled, the hot
air bleed will not be necessary.

[Supp. 10, 18 F. R. 8202, Apr. 14, 1851]

§ 3.607 Carburetor de-icing fluid flow
rate, The system shall be capable of
providing each engine with a rate of

| fiuid flow, expressed in pounds per hour,

of not less than 2.5 multiplied by the
square root.of the maximum continuous
power of the engine. 'This flow shall be
‘available to all engines simultaneously.
‘The fluid shall be introduced into the air

induetion system at a point close to, |

and upstream - from, the carburetor.
The fluid shall be infroduced in a man-
ner to assure its equal distributiori over
the entire cross section of the induction
system air passages.

(a) A series of pressure type-

§3.608 Carburetor Auid de-icing sus-

fem capacity. The fluid de-icing sys—

tem capacity shall not be less than that

‘required to provide fluid at the rate spec-

ified in §3.607 for a time equal to 3:

| percent of the maximum endurance of
the airplane,

However, the capacity.
need nof in any case exceed that re-

‘I quired for 2 hours of operation nor shall

it.be less than that required for 20 min-
utes of operation at the above flow rate.:
17 the available preheat exceeds 50° F.
but is less than 100° ., it shall be per-

of injecting fuel into the intake air at a. missible to decrease the capacity of the

'point downstream from the throttle and
This feature tends

system in proportion to the heat rise
available in excess of 50° F',

§3.609 Carburetor fluid de-icing sys-
tem detail design. Carburetor fluid de-
jeing systems shall comply with pro-
visions for the design of fuel systems,
except as specified in §§ 3.607 and 3.608,
unless such provisions are manifestly in-
applicable.

'§3.810 Carburetor air preheater de-:
sign. Means shall be provided to assure’
adequate ventilation of the carburetor
afr preheater when the engine s,
being operated in cold air., The pre-
heater shall be constructed in such &
marnner as {o-permit inspection of ex-
haust manifold parts which i surrounds
and also to permit inspection of critical.
portions of the preheater itself, '

§3.611 Induction system ducts. In-
duction system ducts shall be provided
with drains which will prevent the ac-
cumulation of fuel or moisture in all nor-
mal ground and flight attitudes. No
open drains shall be located on the
pressure side of turbo-supercharger in-
stallations. Drains shall not discharge
in a loecation which will constitute a fire’

! hazard. Ducts which are connected to

components of the airplane between.
whieh relative motion may exist shall in-
corporate provisions for fexibility.

$3.612 Induction system screens. If
induction system screens are employed,
they shall be located upstream from the
carburetor. It shall not be possible for.
fuel to impinge upon the sereen, Screens
shall not be located in portions cof the
induction system which constitute the
dnly passage through which air can
reach the engine, unless the available
preheat is 100° F. or over and the screen
is so located that it can be de-ieced by

_the appliestion of heated air. De-icing
1 of screens by means of alechol in lien

of heated air shall not be acceptabte,
EXHAUST SYSTEM

$3.615 General. (a) The exhaust
system shall be constructed and ar-
ranged in such a manner as to assure

the safe disposal of exhaust gases with--

oub the existence of a hazard of fire or
earbon monoxide contamination of air in.
personnel compartments.

(b) Unless suitable precautions are
taken, exhaust system parts shall not he

located in close proximity to portions of

any systems carrying inflammable Auids
or vapors nor shall they be located under
portions of such systems which may be

subject to leakage. All exhaust system.

components shall be separated from ad-

.
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jacent inflammable’ porﬁons of the air-
plane which are outside the engine com-
partment by means of fireproof shields..
Exhaust gases shall not be discharged at/

a location which will cause a glare seri-j

cusly affecting pilot visibility at night,

nor shall they discharge within danger-3.

‘ous proximity of any fuel or oil system
drains. All exhaust system components
shall be ventilated to prevent the exist-

ence of points of excesswely high tem-

perature.

§ 3.616 . Exhaust manifold. Exhaust
manifolds shall be made of fireproof, cor-
rosion-resistant materials, and shall in-
corporate provisions to prevent failure
‘due to their expansion when heated to
operating temperatures. Exhaust mani-
folds shall be supported in'a manner ad-
equate to withstand all vibration and in-
ertia loads to which they might be sub-
jected in operation. Portions of the
manifold which are connected to com-
ponents between which relative motion
might exist shall incorporate provisions
for flexibility.

§ 3.617 Exhaust heat ea:changers (a)
Exhaust heat exchangers shall be con-
structed and installed in such a manner
as to assure their ability to withstand
without failure all vibration, inertia, and.
‘gther loads to which they ‘might "nor--
mally be subjected. Heat exchangers
shall be constructed of materials which
are suitable for continued operation. at
high temperatures and which are ade-
quately resistant to corrosion due 1:0
products contained in exhaust gases.

(b) Provisions shall be made for the
‘inspecticn of all critical portions of ex-
haust heat exchangers, particularly. if &
welded construction is employed. Heat
‘exchangers shall be ventilated under. ail
conditions in which they are subject 1:0

contact with exhaust gases.

$ 3.618 Ezxhaust heat exchangers used
in ventilating gir hegting systems. Heat
exchangers of this type shall be so con-
structed as to preclude the possibility of
exhaust gases entenng the ventﬂatmg
air.

FirE WaLL AND COWLING

§3.623 Fire wolls. All engines, aux-.
iliary power units, fuel burning heaters,.
and other combustion equipment which
are intended for operation in flight shall
be isolated from the remainder of the
airplane by means of fire walls, or
shrouds, or other equivalent means. .-

§ 3.623-1 Fire-proof wmaterials for
firetpalls (C44 rules which apply to
§ 3.623). (a) The test for demonstrat-
ing compliance with criteria for fire-
proof material or components shall sub-
ject the material or unit to a 2,0002:50°:
F, flame. Sheet materials shall be tested
by subjecting a sample approximately 10
inches square to a fame from a suitable’
burner. The flame shall be large enough-
o maintain the required test tempera-:
ture ‘over an area approximately ﬁve
inches square,

(b) Pirewall materials and ﬁttmgs .
shall resist ﬂame penetration for 15 '

minutes.
(e) The followmg materials are con-.

jssupercharged engines, sealing parts of-

sidered satisfactory for use in Hrewalls or
shrouds without being tested as outlined
in paragra,phs (a) and (b) of this
section;

(1) Stainless steel sheet, 0.015 mch
thiclk.

(2) Mild steel sheet coated with alu-’
Jminum or otherwise protected . aga.mst
corrosion, 0.018 inch thick.

(3) Terne plate, 0.018 inch thick.

(4) Monel metal, 0.018 inch thick.

(5) Steel or copper hase alloy firewall:
fittings. )

{Supp. 10, 16 F. R. 8293, Apr. 14, 1951]

§ 3.624 Fire wall construction. (a):
Fire walls and shrouds shall be con-
structed in such a manner that no haz-:
ardous quantity of air, fluids, or flame’

R

canr pass from the engine compartment.]

to other portions of the airplane. All
openings in the fire wall or shroud shall
be sealed with ~close-fitting fireproof
grommets, bushings, or fire-wall fittings,
‘On single-engine airplanes using un-

fire-resistant material shall be accepta-
ble, provided that the engine installation.
containg no flammable fluid-carrying.
components other than essential fuel
lines and oil pressure gauge lines or
components which are an integral part
of the engine, and further provided that
the opening which might result in case of:
fire would not involve & serious hazard.
from the standpoint of flame propaga-:
tion to the sheltered side of the fire wall,

(b) Fire walls and shrouds shall be
.constructed of fireproof material and;
wshall be protected against corrosion.:
The following materials have been f ouncL
to comply with this requirement: -

(1) Heat- and corrosion-resistant
 5teel 0.015 ineh thick,

(2) Low carbon steel, suitably pro-
tected against corrosion, 0.018 inghl thick:
{Amdi. 08-0, 11 F. R. 18388, Nov. 9, 1946, as
amended by Amdt. 3-7, 17 F. R. 1087, Feb. 5,
1852]

§3.625 Cowling. {a) Cowling shall.
be constructed and supported in such a.

Jmanner as to be capable of resisting all |-

¥vibration, inertia, and air loads to which:
it may normally be subjected. Provi-.
sion shall be made to permit rapid and
compiete drainage of all portions of the;
cowlmg in afl hormal ground and ﬁight
attitudes. Draing shall not discharge
in locations constituting a fire hazard.

(b} Cowling shall be constructed of
fire~resistant material. All portions of
the airplane lying behind openings in
the engine compartment cowling shall
also be econstructed of fire-resistant ma-
terials for & distance of at least 24 inches
.aft of such openings, Portions of cowl-
'ing which are subjected to high temper-
‘atures due to proximity to exhaust 8YS-
tem ports or exhaust gas impingement
t?h:a.ll1 be constructed of ﬁreproof ma=
eria,

POWER-PLANT CONTROLS AND Acc_nssom&

Jgnition circuit on each engine,
.be possible to shut off quickly all igmi
‘tion on muliiengine airplanes, either by

CONTROLS

. §3.621 Power-plant comtrols. < Pow-

47
er-piant controls shall comply Wwith the

provisions of §§ 3.384 and 3.762. Con.
trols shall maintain any necessary posi- -

| tion without constant attention by the
flight personnel and shall not tend to
ereep due to control loads or vibration, ..
Flexible controls shall be of an_secept— .
Controls shall have adequate.

able type.
strength and rigidity to withstand oper-

‘abing loads without failure or exv:essure .
‘reflection. e
if [Amdt. 03-0, 11 F. R. 13386, Nov. 9, 1948, a8

amended by Amdt, 3-7, 17 F. R. 1087, Feb. 5,

' 1952]

§ 3.628 Throttle conitrols. A throttle
control shall be provided -to give inde-
pendent contiol for each engine, Throt-
tle controls shall afford a positive and

"immediately responsive means of con-

trolling the engine(s). Throttle con- -
trols shall be grouped and arranged in

‘sych 2 manmer asg to permit separate

control of each engine and also s:.mul-‘
taneous control of all engines.

§ 3.620 Ignition switches, Ignitionr
switches shall provide control for each’
It shall

grouping  of the individual switches or
by providing a master ignition control.
If s master control is provided, suitable -
means shall be incorporated to prevent
its inadvertent operation. ’

§ 3.630 DMiziure controls._ If mixtj.ure
controls are provided, a separate con-
trol shall be provided for each engine,
The controls shall be grouped and ar-
ranged in such & manner as to permit
both separate and simultaneous control
of all engines, ]

§$3.631 Propeller speed and pitch
controls. (See also § 3.421 (a).) If pro-
peller speed or pitch controls are pro-
vided, the controls shall be grouped and
arranged in suéh 2 manner as to permit
control of all propellers, both separately:
and together. The controls shall per-

it ready synchionization of all pro-

pellers on multiengine airplanes.

§ 3.632 Propeller feathering controls.
If propeller feathering controls are
provided, a separate control shall be
provided for each propeller. Propeller
feathering controls shall be provided
with means to prevent inadvertent

L operation.

§ 3.633 Fuel system conirols, Fuel
system controls shall comply with re-
guirements of § 3.551 (¢).

§ 3.634 Carburefor air preheat con-'
trois. Separate comtrols shall be pro-:

vided to regulate the temperature of

the ca,rbur_ngrfalr for each engine.
ACCESSORIES

§ 3.635 Power-plant acecessories. En-:

| gine-driven accessories shall be of a type

satisfactory for installation on the en-.

' gine involved and shall utilize the provi-

sions made on the engine for the
.mounting of such units, - Ttems of elec-
trical equipment subject to areing o¥
:sparking shall be installed so as to mini--
mize the nossibility of their contact with
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any inflammable fAulds or vapors. whichlfequipment items required’ for type and

might be present in a free state.

airworthiness certification of an air-

§ 3.636 Engine battery ignition sys<jplane:.

 tems. (2) Battery ignition systems shal
be supplemented with a generator whic

(a) Flight and navigational instris
ments. (1) Air-speed indicator (see-

is automatically made available as 81Nk s 3 663),

alternate source of electrical energy 1oj

permit continued engine operation in they,

event of the depletion of any battery.

erators shall be sufficient to meet the si-
multaneous demands of the engine igni-
tion system and the greatest demands of

any of the airplane’s elecfrical systemi

components which may draw electrical
energy from the same source. Consid-
eration shall be given to the condition of
:an inoperative generator, and to the con-
dition of a completely depleted battery
iwhen the generator is running at its nor-
imal operating speed. If only one bat-
‘tery is provided, consideration shall also
|be given to the condition in which the
battery is completely depleted and the
igenerator is operating at idling speed. . |
' (¢} Means shall be provided to warn

the appropriate flight personnel if mal- |
functioning of any part of the elec-

‘trical system is causing the continuous

discharging of a battery used for en- ‘

gine ignition.
‘switches.?
POWER-PLANT FIRE PROTECTION
§ 3.637 Power-plani fire protection,
Suitable means shall be provided to shut,
off the flow in all lines carrying flamma-~

(See § 3.629 for ignition.

‘ble fluids-into the engine compartment|

on multiengine airplanes required to
comply with the provisions of § 3.85 (b).
[Amdt. 3-4, 15 F. R, 8902, Dec. 15, 1850]

SUBPART F—EQUIPMENT
Souree! §§ 3.651 to 3.728 contained in Civil

_Alr Regulations, Amendment 03-0, 11 F. R.
‘13393, Nov. 9, 1946, except as otherwise noted.

§ 3.651 Generel. The equipment spec-
ifled in § 3.655 shall be the minimum in-
stalled when the airplane is submitted

to determine its compliance with thej:
Such addi-j.
tional equipment as is necessary for af

airworthiness requirements.

specific type of operation is specified in
other pertinent parts of this subckapter,
‘but, where necessary, its installation and
that of the items mentioned in § 3.655 is
‘covered by this part.

§ 3.652. Functional end installational
requirements. Each item of .equipment
which is essential to the safe operation.
of the airplane shall be found by the
Administrator to perform adequately the
functions for which it is to be used, shall
function properly when installed, and
shall be adequately labeled as to its iden-
tification, funetion, operational limita-

tions, or any combination of these.}:

whichever is applicable.
[Amdt. 03-0, 11 F. R. 13853, Nov. 8, 1946, as
‘amended by Amdt. 3-9, 17 F. R, -11681, Deo.]
20, 1952]

. Basic EQUIPMENT |
§ 3.655. Required basic equipment.

(2) Altimeters :
(3) Magnetic direction indicator (see

(b) The capacity of batteries and gen-]§ 3.666).

() Power-plant instruments—(1) For
each engine or tank. (i) Puel quantity
indicator (see § 3.672).

(ii) Oil pressure indicator.

(iii) Oil temperature indieator.

(iv) Tachometer.

(2} For each engine or tank Uf re-:
quired in reference section). (i) Car-
buretor air temperature indicator (see:
'§3.676).

(ii) Coolant temperature indicator df.
liquid-cooled engines used) . :

(iii) Cylinder head temperature in-
‘dicator (see § 3.675). i

(iv) Fuel pressure indicator (if pump-:
fed engines used). ‘

! (v) Manifold pressure indicator «if
ialtitude engines used). '
" (v Oil quantity

L § 3.674). ) ;

(¢) Electrical equipment (if required.
by reference section). (1) Master switch
arrangement (see § 3.688).

(2y Adequate source(s) of electrical’
-energy (see §§ 3.682 and 3.685).

(3) ‘Electrical protective devices -(see!
§3.690). _

(dj DMiscellaneous equipment.

indicator (see’

Ré o)

Y Approved safety belts for all occupants:

(see § 3.715). .
' "(2) Airplane Fliht Manual if required
by § 3,771, :

_[Subparegraph (2) amended by Amdt. 8-10,
‘"1 P. R. 221_3, Apr, 18, 19531

THNSTRUMENTS; INSTALLATION
GENERAL

£ 3.661 . Arrangement and visibility’
\0f instrument installations. (a) Flight,
:navigation, and power-plant instruments
for. use by each pilot shall be easily Vis-
iible to him. _

" (b) On multiengine airplanes, iden-
tical power-plant instruments for thel
:several engines shall be so located as to;
‘prevent any confusion as to the engines:
to which they relate. ‘ o
. §8.662 Instrument punel vibration:
characteristics. Vibration character=j
Jstics of the instrument panel shall-not!
be such as to impalr the aceuracy of the
instruments or to cause.damage to them. ;

. FLIGHT AND NAVIGATIONAL INSTRUMENTS

| §3.663 Alr-speed indicating system,
“This system shall be so installed that
:the air-speed indibator shall indicate

.k true air speed at sea level vnder stand-|
1 ard conditions to within an allowable in-|
t stallational error of not more than plus

The foliowing table shows the basic

"or minus 3 percent of the calibrated air
" speed or 5 miles per hour, whichever is

‘greater, throughout the operating range:
of the airplane with flaps up from Ve to
1.3 Vs, and with flaps down at 1.3 Va,.
The ealibration shall be made in flight.

- §3.664 Air-speed indicator marking.
The air-speed indicator shall be marked
as specified in § 3.797.

§3.665 Static air vent system. All
instruments provided with static air case:
connections shall be so vented that the
influence of airplane speed, the opening
and closing of windows, air-flow varia--
tion, moisture, or other foreign matter
will not seriously affect their accuracy.

§ 3.666 Magnetic direction indicator.
The magnetic direction indieator shall
be so installed that its accuracy shall
not be excessively affected by the air-
plane’s vibration or magnetic felds.
-After the direction indicator has been
compensated, the installation shall be
such that the deviation in level flight
does not exceed 10 degrees on any head-
ing. A suitable calibration placard shall
be provided as specified in § 3.758.

§3.667 Automatic pilot system. If
an automatic pilot system is installed:

(a) The actuating (servo) devices

shall be of such design that they can,
when necessary, be positively disengaged

.from operating the control system or he

-overpowered by the human pilot to en-
able him to maintain satisfactory con-
trol of the airplane, '

(b} A satisfactory means shall bhe pro~
‘vided to indicate readily to the pilot the
‘alignment of the actuating device in
‘relation to the control system which it
‘operates, except when automatic syn-
.chronization is provided.

(¢) The manually operated control(s)
for the system’s operation shall be read-
ily accessible to the piloi,

(d) The automgatic pilot system shall
be of such desigh and so adjusted that
it cannot produce loads in the control,
system and surfaces greater than those
for which they were designed.

§ 3.668 Guroscopic indicators. All
gyroscopic instruments installed in air-
planes intended for operation under in-
strument flight rules shall derive their
eniergy from a power source of sufficient
capacity to maintain their required ac~

curacy at gll afrplane speeds above the

1! best*rate-of-climb speed. They shail be
installed to preclude malfunctioning due

to rain, oil, and other detrimental ele-’
ments. Means shall be provided for

'indicating the adequacy of the power

being supplied to each of the instru-
ments. In addition, the following pro-
visions shall be applicable to multiengine

1 airplanes:

(&) There shall be provided at least
two independent sources of power, a-
manual or an automatic means for se-
lecting the power source, and a means’
for indicating the adequacy of the power
being supplied by each source.
© (b} The installation and power sup-
ply systems shall be such that failure of

‘one instrument or of the energy supply

from one source will not interfere with
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'the proper supply of energy to the re-
‘maining instmments or from fhe other
source, ;
fAmdt. 3-7, 17 F. R. 1087, Feb. 5, 1952]

§3.669 Flight director insirument.
If & flight director instrument is in-

_ stalled, ifs installation shall not affect
the performance and accuracy of the re=

quired instruments. A means for dis-
connecting the fight director instru-
ment from the required instruments or
their installations shall be provided.

. [Amdt. 3-T, 17 F, B. 1087, Feb. 5, 1052}

POWER-PLANT. INSTRUMENTS

§ 3.6%0 Ovperational markings. In-
st,ru'rments shall be marked as specified in
§ 3.769.

§3.671 Instrument lines. Power-

. ‘plant instrument lines shall comply with

the provisions of §3.550. In addition,

instrument lines carrying inflammablel]
fluids or gases under pressure shall bej.
_provided with restricted orifices or other

safety devices at the source of the pres-
sure to prevent escape of excessive fluid
or gas in case of line failure,

. §3.672 Fuel quantity indicator.
Means shall be provided to indicate fo
the flight personnel the quantity of fuel
in each tank during flight., Tanks, the
outlets and air spaces of which are infer=
connected, may be considered as one
tank and need not be provided with sep-
arate indicators. Exposed sight gauges
ishall be so installed and guarded as to
preclude the possibility of breakage or.
‘damage. Bight gauges which form a
trap in which water can collect and,

freeze shall be provided with means toj}
‘permit. drainage ‘of the ground. Fuel'

qusntity gauges shall be calibrated tol
read zero during level flicht when the!
‘guantity of fuel remaining in the tank

-4 equal to the unusable fuel supply as

‘defined by § 3.437. Fuel gauges need not
be provided for small auxiliary tanks
which are used only to transfer fuel to
‘other tanks, provided that the relative
size of the tanks, the rate of fuel trans-.

fer, and the Instructions pertaining to]

the use of the tanks are adequate fo:
guard aegainst overflow and to assume
that the crew will receive prommpt warn-
ing in case transfer is not being achieved
as intended.

[Amdt. 3-4, 15 P. B. 8502, Dec. 15, 1950]

§ 3.672-1 Means to indicate fuel

quantity (CAA policies which apply to] |

.§3.672). The Administrator will ac-
cept, as 2 “means to indicate to the flight

personnel the quantity of fuel in each.
tank during flight,” a fuel tank cali-

brated to. read in either galons or
pounds, providing the gauge is clearly
marked to indicate which scale i5 being
used. .
[Supp. 1, 12 F. B. 3438, May 28, 1847, as
amended by Amdt. 1, 14 F. R, 86, Jan 5\1949]

§3.673 Fuel flowmeter system.,
When a fuel flowmeter system is in-
stalled in the fuel line(s), the metering
component shall be of such design as to
include a suitable means for bypassing
the fuel supply in the event that mal-

- dicator shall be provided for each engine

-of climb.

L provided for each -altitide engine

.} electrical equipment which is essentiall

| operation of the connected electrical

.8 battery is installed to provide power

‘be determined by simple and reliable

isidered to be of this type, snd should

‘functiohing of the meléfing componenty

offers a severe restriction to fuel flow.

§3.674 Oit gquantity
Ground means, such as a stick gauge,|
‘shall be provided o indicate the quantity
of oil in each tank., If an oil transfer
system. or a reserve oil supply system is
installed, means shall be provided to in-
dicate to the flight personnel during
flight the quantity of oil in each tank.

§3.675 Cuylinder head lemperqture

indicating system for air-cooled en=-f:.

gines. A eylinder head temperature in-
on airplanes equipped with cowl flaps.!
In the case of airplanes which do not
have cowl flaps, an indieator shall be

provided if compliance with the provi-{

sions of §3.581 is demonstrated at 2
speed in excess of the speed of best mte

§ 3.676 Carburetor eir tempemture
indicating system. A carburetor air
temperature indicating system shall be}

equipped with a preheater which is cap-
able of prowdmg 2 heat rise in excess of
60° .

. ELEC.‘:RICAL SYSTEMS AND EQTJIPMENT

§3.681 [Installation. <(a) Electrical
systems in airplanes shall be free from}
hazards in themselves, in their method of
‘operation, and in their effects on other

parts of the airplane, Electrical equip-}

ment shall be of a type and design ade-
quate for the use intended: Electrical
systems shall be installed in such a man-
ner that'they are suitably protected from.
fuel, o0il, water, other defrimental sub-
stances, and mechanical damage.

‘(b) Items of electrical equipment re-

quired for a specific type of operation are
listed in other pertinent parts of this,
subchapter. !

§ 3.681-1 Shielding o,f flare cireuits
(CAA policies which apply to § 3.681).
Flare cireuits should be shielded or sep-i
arated from other eircuits far enough to
precluede induction of other current into
flare circuit.

[Supp 10, 16 F. R. 3202, Apr. 14, 1951]

T HATTERIES
§3.682 Batteries. When an item ofj

to the safe operation of the airplane is
installed, the battery required shall have;
sufficient capacity to supply the elec-
trical power necessary for dependablel

equipment.

§3.682-1 Dry-cell batteries
policies which apply to § 3.682).

(CA4
 'When

for electrical equipment which is es-
sential to the safe operation of thel!
airplane, it should be of a type whose |
pre-flight state of cliarge can readily

‘means. Dry-cell batteries are not con-

mot be used to supply essential electrical

-indicaiory.

§3683 ‘Protection against aeld,. pad
ba.ttenes are of such a type that cors
'rosive substarice tay escape during serv-
jeing or flight, means such as a com-
pletely enclosed compartment shall be
provided to bprevent such substances
from coming in contact with other parts:
of ‘the airplane which are essential to
safe operation. Batteries shall bé ac-
‘cessible for servicing and inspection on
‘the ground.

§3.68¢ Batiery vents. ‘The battery

‘container or compartment shall be vent-.

-ed in such manner that gases released by
the battery are carried outside the air-
plane,

GENERATORS -

§ 3.685 @Generator. Generators shall-

he capable of delivering their continuous
‘rated power.

§ 3.686 Generaior controls. QCenera-

tor voltage control equipment shall be!
capable of dependably regulating the:

‘generator output within rated _limits.

§ 3.687 Reverse current cuf-out. A
generator reverse current cut-cut shall
disconnect the generator from the hat-

J tery and other generators when the gen-

emator is developing a voltage of such
value that current sufficient to cause

malfunctmmng can flow into the gen-

-erator, )
MASTER SWITCH

§3.688 Arrangement. If electrical
equipment is installed, a master switch

‘arrangement shall be provided which will.

‘disconnect all sourtes of electrical power
‘from the main distribution system at a
point adjacent to the power sources.

§13.688-1 Stall . warning indicator

‘eircuits (CAA polzczes which gpply to

§ 3.688)—(a) Wiring of cireuit by the
master switch.  Airplanes on which the
‘Indicators are required for type certifica-
tion as & result of the particular -stall
characteristics of the airplane, should
have the indicator circuit by-pass the
master switch. A  circult protector
should be installed for the protection of
‘the indicator wiring and this protector

‘should be located as near as is practi-.

‘¢cable to the source of electric power.

(b) Wiring of cireuit through the
}master switch. Where the indicator is
Installed as an accessory but not as re-
quired equipment, it is permissible to
‘wire the indicator through ‘the master
lswiteh or direct to the source of power.
A pircuit protector should be installed
‘for the protection of the indicator wiring

.near as is practicable to the source of the
electric power.
'[Supp. 10, 168 F. R. 8202, Apr. 14, 1951]

$3.689 DMaster switch installation,
*The master switch or its controls shall be
‘so installed that it Is easily discern.tble
"and accessible to a member of the erew 1
‘Aight.

PROTECTIVE DEVICES
§3.690 Fuses or circuit breakers. If

equipment,

.electrical equipment is installed, protec-
.tive devices (fuses or circuit breakers):

‘Jand this protector should be located as
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shall be installed in’ the cireuits - to alf
electrmal equipment, except that such
items need not be installed in the main
cireuits of starter motors or in other cir- '}
euits where no hazard is presented by

thezr omission. ~

§ 3.601 ‘Protective devices instatlation.
Protective devices in circyits essential |
to safety in flight shall he so located.

and identified that fuses may be replaced:
or circuit hreakers reset readjly in mght

" §3.692 Spare fuses.

“ever is greater, shall be provided.
' BLECTRIC CARLES

§3.693 Eleciric cables. If electrical
equipment is installed, the connecting

-cables used shall be in"accordance with,

-recognized standards for electric cable
of a siGw burning type and of suitable
ca_pacity. -

. SWITCHES . -
§3.694 Swilches. Swiiches shall be

capable of carrying their rated curremt-

and shall be of siich construction that

there is sufficientdistance or insuiating.

inaterial beétween current carrying parts
and the housing so that wbration in
- ight will not cause shou:ting

§5.605 Switch installation. W\witches
shall be 50 installed as to be readily ac-
eessible to the appropriate crew member
and shigll be suitabiy labeled as to opera-
- tion.and the circuit controlled.

- INSTRUMENT LIGHTS

§3.606 Instrumenti lighis. If instru~
ment Hghts are required, they shall be of
such construction that there is sufiicient
distance or insulating material between
current carrying parts and the housing
sa that vibration in flight will not cause
* shorting. They shall provide sufficient
illumination to make all instruments and
controls easily readable and dlscemible,
respectively.

| §3.698-1 Instrument lights (CAA
‘interpretations which apply to § 3.696).
“The use of the cabin dome light is not
' eonsidered adequate to comply with the
. :provision of § 3.696,
. [Supp. 10, 16 F. R. 3202, Apr. 14, 1951]

§ 3.697 Instrument light insiallation.
Instrument lights shall be installed in
- snch ‘a manner that their direct rays
are shielded from. the pilot's eyes. Di-
rect rays shall not be reflected from the
windshield or other surfaces into the
pilotis eyes.
LANDING LIGHYS
ﬁ 3.698 Landing lights. If landing
lights are installed, they.shall be of an
-acceptable type.
§3.699 Landing

light installation,

Landing lehts shall be so installed that
there is no dangerous glare visible $0{
the pilot and also so that the pilot is not:

seriously affected by . halation. They
shall be installed at such a location that' |-

If fuses are
meed, one spare of each rating or 50 per-,
cent spare fuses of each rating, which-
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“they provide avdequat.e mnminztlon *mr-
night landing.

POSITION LIGHTS

‘lution-—(z) Genergl. ‘The provisions of

to the position light system as a whole,
‘and shall be complied with if a single
circult type system is installed.
.gingle circuit system shall include the
‘items specified in paragraphs. (b)
through (f} of this section.

position lights shall consist of a red and

ward on the airplane in such a location
that, with the airpline in normal flying

left side and the green light is displayed

shall be ofan-approved type.

(c)- Rear position light. The rea? po-
-gition Hght shall be & white light mount-
ed as far aft as practicable. The light
_shall be of an approved. type.

(d) Circnit” The two forward. posl-
tion Hghts smd the rear position light
‘shall constitute a single cireuit.

(e} Flasher. 1! employed, an ap-
. proved position light flasher for a single
,eircuit systepn shall be installed. The
ﬂasher shall be such that the System is
energized automaticaily at & rate of not’
less than 60 nor more than 713§ flashes
per minute with an on-ofl ratio between
4.5:%.and 1:1. Unless the flasher is of a
fail-safe type, means shall be provided in
the system to indicate to the pilot when
there is a failure of the flasher and a
further means shall be provided for
turning the lights oh steady in the event
of such failure.

(f) Light covers and color filters.
Light covers or color filters used shail be
of noncombustible material and shall be
constructed so that they will not-change
color or shape or suffer any appreciable
Ioss of light transmission during normal
‘use,

20, 1952]

‘policies which apply to §3.700 (a)).
When it is desired to improve the con-
spicuity of the aireraft, a steady red light,
commonly known as a passing light, may
be installed. This light is not considered
to be & position light and therefors need

ing:

(a) Within the left landing light umt

(b) On the centerlme of the aireraft,
nose.

(¢) In the leading edge of the left
wing, outhoard of the propeller disc.
[Supp. 11, 16 F. - 3211, Apr. 12, 1961]

1 Requiregents for dual cireult posltiox;
lght systems are ccrntamed in, Pa.rt 4b of

: this subehapter.

- §3.700 Position light system instal-
-§§ 3.700 through 3.703 shal be applicable]

The{

(o) Forward position lights. Forward]

o green light spaced lsterally as far
apart as practicable and installed for-

‘position, the red light is displayed-on the|
on the right side. The individual lights_ :

. [Amdt. 8-4, 15 ¥. R. 8802, Dec. 15, 1950, as.
amended by Amdt, 8-9, 17 F. R. 11631, Dec,;
T minute, with an on-off ratio not less than,

§3.700-1 Red passing lights (CAA| %7

‘not be type certificated. ‘When installed,.
-its location should be one of the follow-

°§37900-2 * “Fail-safe

which apply to §3.700 (e3> {(a) “When

‘subjeected to. the conditions of “failure

specified in paragraph (b) of this sec-
tion, & position light, flasher is con-
sidered to have “Iuled-safe" when:

(1) 'The positien light circuitf is closed’
cotinuously,.or

ternately elosed and opened in such

‘mannér that,.

i) The frequencyds not less than 40

cycles per minute and not greaster than:

120 cycles per minute,
(il) The ratioc of the closed circuit

:interval to the open circuit Interval is

not less than 1:1 and not greater than

2:1.

{b)- Conditions of failure ar'e as fol-
lows:
(1) At room ambient cond1t1ons wher
the supp}y voltmze is adjusted to the
“valwe” at which perceptible
light is emitted by the position light
bulh.
(2) At nomimal supply voltage and at
room ambient conditions, -
) With any one position. light

! bra.nch czrcuit open, or’

(i) After any gingle © malfunciion
mthm the flasher timing devigg, such
a5 open-eircuit, short cireuit, or jamming

‘of a contact in its open or closed position,

ISupp 12,.168 F. R. 6743, July 12, 1951]
§3.700-3 Anti-collision light (CASL
policies which apply to §3.700 (a)).
Anti-collision lights, when installed,
‘should be of the rotating beacon type
installed on top of the fuselage or tail
in such a location that the light would
not be detrimental to the crew’s.vision

 and would nét detract from the conspiec-;

uity of the position lights. The color of!
the -anti-collision light should be avia--

tion red in accordance with the specifi-,

cations of § 3.703. The arrangement of
the anti-collision light, i. e., number of
light sources, beam width, speed of rota-
tion, ete., should be such as to give an
effective flash frequency of not less than.
40 and not more than 100 cyecles per

[Supp. 18, 18 F. R. 7338, Nov. 20, 19531

§ 3 T01 .Position Zaght system dmedml
angles. The forward and rear position
lights as installed on the airplane shall

ghow umbroken light within dihedral

‘angles specified in paragraphs (a)
through (c¢) of this seetion.

(a) Dihedral angle L (lefty shall be
considered formed by tweo infersecting
vertical planes, one parallel t¢ the lon~
gitudinal axis of the airplane and the
other at 110° to the left of the first,
when-looking forward along-the 10ng1—
tudinal axis.

(b) Dihedral angle R (right) ghall be-
considered formed by two intersecting .

vertical pla.nes one parallel {o the longi-
tudinal axis of thHe airplane and the
other at 110° to the right of the first,

!pnation “Hohd
: "ﬂushers ‘singlescircyit) . (CAL -policies

(2) The positlon light ecireuit is al:-
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when looking forward slong the longi-
tudinal axis.

{¢) Dihedral angle A (aft) shall be
considered formed by two mtersecting
vertical planes making angles of "70° to

the right and 70° to the left, respec-.

tively, looking aft along the longitudinal
axis, to a vertical plane passing through
the long1tudina.l axis.

[Amdt. 3~4, 16 F, R, 8902, Dee. 15, 1950]

§3.702 Position light distribution and
intensities—(a) General, 'The intensi-
-ties presceribed in this section are those
‘to’ be provided by new equipment with
all light covers and color filters in. place.
Intensities shall be determined with the,
light source operating at a steady valuel
‘equal to the average luminous output of’
the light source at the normal operating;
voltage of the airplane. The light d!s-l
tribution and intensities of position
lights shall comply with the provisions!
of paragraphs (b) and (c) of this|
section, :

(b) Forward position lights, Within

dihedral angle L for the left light and'}

within dihedral angle R for the right
light each forward position light shall
have intensities, in any plang ‘through
the longzitudinal axis of the unit, of not’
less than § candles for the first 30° as

‘measured from the longitudinal axis, of

not less than 4 candles for the next 30°,;
and of not less than 3 candles for the;
remaining directions, The intensity of:
‘an overlapping beam of the right for-
ward position light shall be reduced to,
two candles or less in all directions
‘within the first 10° of dihedral angle L.
Within the next 10° of dihedral angle L
the overlapping intensity in all direc-i
tions shall be reduced to 0.5 candle or;
Jess. Similar limits shall-apply to an
overlapping beam of the left forward
Position light in dihedral angle . The
Intensities of overlapping beams of the
-forward position lights shall be reduced
to 0.5 candle or less in asll directions
within the first 10° of dihedral angle A.
Qutside of the aforementioned overlap
limits the stray light intensity from the
forward position lights shall not exceed
0.5 candle in all directions within dihe-
dral angles I, R, and A.

. (e) Rear position light. The rear po-
sition light shall have an intensity of
not less than 4 eandles in any direction
within dihedral angle 4, Within a 140°
eone, the axis of which is coincident with
the longitudinal axis of the airplane, in
dihedral angle 4, the intensity shall not
be less than 8 candles. The intensity of
an overlapping beam of the rear posi-l
tion light shall be reduced to 1 candle
or less in all directions within the flrst
20° of dihedral angles L and B, Outside
of these overlap limits the stray light
intensity from the rear position light
shall not exceed 1 caridle in all direc-
tions within dihedral angles L and R.
{Amdt, 34, 15 F, R. 8902, Dec. 15, 1950}

§3.702~1 Rear position light instal-
lation (CAA interpretations which apply
to § 3.702). A single rear position ligh
may be installed in a position displaced

Isterally from the plane.of symmetry of
an airplane if the axis of the maximum
cone of illumination is parallel to the
flight path in level flight, and if there is
no obstructioh aff of the light and be-
tween planes 70° to the right and left of
the axis of maximum illumination, :
1Supp. 10, 16 P, K. 8262, Apr. 14, 1951]

. 53,703 Color specifications. The col-

- OFS of the position lights shall have the

Thternational Commission on Ilumina-
tlon chromaticity coordinates as set
‘forth in paragraphs (a) through (¢) of.
;his section. .

(a) Aviation red.

# 18 not greater than 0.335,
2 1s not greater than 0.002;

(b) Aviation green.
z is not greater than 0.440—0.320y,

I is not greater than y—~0.170,
¥ is not less than 0.300—0.270z;

(¢) Aviation white.

z 1s not less than 0.350,

z Is not greater than 0.540,

¥—¥p 15 not numerically greater than
(.01, ¥, being the y coordinate of the Flanc-
‘kian radiztor for which x,=z.
-[Amdt. 34, 15'F. R. 8902, Dec. 15, 155601 -

_ REDING LIGHT

§3.704 Riding Zz‘ght. (a) When a’
‘riding {(anchor) light is required for a:
seaplane, fiying. boat, or amphibian, it
,shall be capable of showing a white light.
'for at least 2 miles at night under clear
atmospheric conditions.

(b} The riding light shall be mstalled
{0 show the maximum unbroken light
practicable when the airplane is moored
or driftine on the water. Externally
hung lights shall be acceptable.

[Amdt. 3-4, 15 F, R, 8902, Dec. 15, 1550]

SAFETY EQUIPMENT; INSTALLATION

§3.911 Marking. Reguired safety
equipment which the crew is expected to'
operate at a time of emergency, such as
flares and automatic life raft releases,
‘shall be readily accessible and plainly

marked as to its method of operation.}.

“When such equipment is carried in lock-
‘ers, compartments, or other storage
‘places, such storage places shall be
‘marked for the benefit of passengers and
crew.,

§3.7112 De-icers. When pneumatic

‘de-icers are installed, the installation’

shall be in accordance with apprqved‘
data. Positive means shall be provided
for the deflation of the pneumatic boots. |

$3.713 Flare requirements. When
parachute flares are required, they sha.ll
be of an approved type.
-[Amdt. 3-8, 1T F. R. 11631, Dee, 20, 1062]

NORMAL, UTILITY, AND ACROBATIC CATEGORIES

§ 3714 Flare installation. Parachute

flares shall be releasable from the pilot
compartment and so installed that
danger of accidental discharge is reduced
to a minimum. The installation shalt be
demonstrated in flight to eject Aares sat-
istactorily, .except in those cases where
inspection indicates a ground test will be
adequate. If the flares are ejected so
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that recoil loads are involved, structural
provisions for such loads shall be made..

§3.715 Safety belts. Safety bells

shall be of an approved type. In no
«case shall the rated strength of the safety:

belt be less than that corresponding w1th
the ultimate load factors specified in
§3.386 (a), taking due account of thed'
dimensional characteristics of the safety’
belt instaliation for the specific seat or
berth arrangement, - Safety hells shallﬂ
‘e attached so that no part of the an-
chorage will fail at a load lower than
that corresponding with the ultimate:
[oad factors specified in § 3.386 (a).
‘[Amdgt. . 3~2, 15 P. R. 28, Jan. 8, ‘1950, as,
amended by Amdt. 3-8, 1T F. R, 11631 Dec
20, 1852]

EMERGENCY FLOTATION AND SIGNALING .
EQUIPMENT

§3.716 Rafts and life preservers.

‘| Rafts and life preservers shall be of an

approved type.
[Amdt. 3-10, 18 F. R. 2213, Apr. 18, 1963]

§3.716-1 Life rafts and life preserp=
ers (CAA rules which apply to §3.716),
(a} The minimum safety reguirements
for life preservers and life rafts which;
are. intended for use in certificated clvil
aircraft engaged in over-water opera-.
tions have been established by the Ad-
ministrator in the following Technical
Standard Orders: :

(1) No. TSO-C12, “Life Rafts,” effec-
tive August 1, 1948 ¢§ 514,12 of this title),

(2) No. TSO-C13, “Life Preservers,™
effective August 1, 1948 (§ 514.13 of this}
title).

[Supp. 10, 16 F. R 8292, Apr 14, 1951}

§3.717 Installation, When such:
emergency equipment is required, it shall
he so installed as to be readily available
to the crew and passengers. Rafts re-
leased automatically or by the pilot shall
be attached to the airplane by means of

.4 line to keep them adjacent to the air-,

plane. The strength of the line shall be

- such that it will break before submerging

the empty raft. .

§3.718 Signaling devzce Signaling.
devices, when required by other parts of:
‘the regulations of this subchapter, shall.
‘pe accessible, function satisfactorily, and
‘he free from any hazard in their opera~
tion.

RaADIO EQUIPMENT; INSTAI.LATION

§3.721 General. Radio eguipment
and installations in the airplane shall be
free from hazards in themselves, in their
method of operation, and in their effects
on other components of the airplane,

~ §3.721-1 Radio equipment installa-
tion (CAA interpretations which apply
to § 3.721). Engineering flight {ests are
not required for equipment installations
unless a particular installation could
concetvably interfere with flight opera~-
tion of airplane or change the airplane
conflguration so that performance or
flight characleristics became adversely
affected. .
[Supp. 10, 18 P. K, 3202, Apr. 14, 1951)
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§ 3. 725 Accessories for multiengine
" airplanes.
sential to the safe operation of the air<

plane shall be so distributed among two {.

or more engines that the failure of any
one engine will not impair the safe op-
eration of the airplane by the malfunc-
- tioning of these accessories.

' RYDRAULIC SYSTEMS

§3.726 General. Hydraulic sysiems

and elements shall be so designed as to |’

‘withstand, without exceeding the yield
point, any structural loads which might
be imposed in addition to the hydraulic
loads.

§3.727 Tests.
shall be substantiated by proof pressure
tests. ‘When proof tested, no part of the
hydraulic system shall fail, malfunetion
or experience & permanent set. The

‘proof load of any system shall be 1.57.

 times the maximum operating pressure
of that system. -

§3.728 Accumulators.
cumulators or pressurized reservoirs:
shall not be installed on the engihe side
of the fire wall, except when they form
an integral part of the engine or pro-
‘peller.

SUBPART G—-OPERATING LIMITATIONS AND.
' INFORM.A'HON

§3 735 Geneml Mea.ns shall be pro=
‘yided to-nform adequately the pilot andi
other appropriate ¢rew members of all
operating limitations upon which the
'{ype design is based. Any ofher infor-
mation concerning the airplane found
by the Administrator to be necessary for
safety during its operation shall also be
made available to the crew. (See
§§ 3.755 and 3.777.) :

LIMITATIONS

§ 3737 Lzmztatwns The operatmg
limitations specified in §§ 3.738-3.750 and
any similar limitations shall be estab-;
lished for any airplane and made avail-
able o the operator as further described;
dn- §§ 3.755-3.780, unless its design is
-such. that they are unnecessary for safe
opera.tmn

AIR SPEZD

§3.'738 Air speed. Alr-speed limit&-\
tions shall be established as set forth in,
‘8§ 3.739-3.743.

© §3.73% Never-exceed speed (Vee).
This speed shall not exceed the lesser
of the following:

(a) 0.9 Vg chosen in accordance with,
§.3.184.

(b) 0.9 times the maximum speed
demonstrated in accordance with § 3.159,
‘but shall not be less than 0.9 times the
‘minimum value of Vg permitied by
§ 3.184.

'§8.740 Mazimum structural cruis-
ing speed (Vzo). This opera.ting limita-
tion shell be: ’

‘(a) -Not greater than Ve chosen in ac-
cordance thh §3. 184 .

Engine driven accessories es- ||

Hydraulic systemej

Hydraulic ac«}
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‘tablished under § 3.739.-

(c) Notless than the minimum Ve per-,
‘mitted in § 3.184.
. §3.741 Maneuvering speed (V). (Bee,
$3.184.)

§ 3.742 Flaps-extended “speed (V).
‘(a) 'This speed shall not exceed the lesser
‘of the following:

' (1) The design flap speed V1, chosen
Jn accordance with § 3.190; . /

(2) The design flap speed' chosen in

| accordance with § 3.223,. but shall not}

be less than the minimum value of design,
flap speed penmtted in §§3.190 and
'3.223.

(b} Additional combina.tiuns of flap
setting, air speed, and engine power may
be established, provided the structure
has been proven for the correspending
design conditions.

§3.743 Minimum control speed (Vme)
{Bee §3.111) -
- POWER PLANT

§3.744 Power plant. The  power-
plant limitations in §§ 8.745 throusgh
3.747 shall be established and shall no$i
exceed the corresponding limits estab-|
lished as a part of the type certification:

| of the engine and propeller installed in

the airplane.

§ 3.745 Take-off operation. {(a) Maxi-
mum rotational speed (revolutmns per
mmute)

" (k) Maximum permissible mamfold
pressure (if applicable).

(¢) The time limit vupon the use of
the corresponding power.

(d) Where the time limit of paragraph
{te) of this section exceeds 2 minutes, the
maximum allowable temperatures for
cylinder head, oil, and coolant outlet if
apblicable.

§ 3.746 Maximum conlinuous opera-
tion. <(a) Maximum rotational speecl
(revolutions per minute).

(b) Maximum permissible manifold
:pressure (if applicable}.

(¢) Maximum allowable tempera.tures
‘for eylinder head, oil, and coolant outlet
if applicable. s

§ 3.747 Fuel octane rating. The
minimum octane rating of fuel required
for satisfactory operation of the power
plant at the limits of §§ 3.745 and
2.746.,

AIRPLANE WEIGHT

§3.748 Airplane weight., The air-
plane weight and center of gravity limi-
tations are those required to be deter-
mined by § 3.71

MINIMUM FLIGHT CREW

§ 3.749 Minimum flight crew. The
minimum flight erew shall be established
as that number of persons required for

the safe operation of the airplane during

any contact flight as determined by the
availability and satisfactory operation of

(hy Not greater than 0,59 times Vae es- |

PRegulations.)

all necessary controls by each opera.bor

concerned.

TYPES OF OPERATION

§ 3.750 Tupes of operalion. The type
.of operation to which the airplane is
limited shall be established by the cate-

‘gory in which it has been found ‘eligible -
"!or certification and by the eqmpment

¥installed. {Seé the ap-
‘propriate operating. parcs of the OClvil Alr
Afnendment 3-10, 18 F. R.
9713, Aor. 1B, 1068,

MARKINGS AND PLACARDS

§ 8755 Markings and placards. (a)
The markings and placards specified are
required for all airplanes. Placards shall
‘be displayed in a conspicuous place and
Jboth shall be such that they cannoct be
easily, erased, disfigured, or obscured.
Additional informational placards and
instrument markings having a direct and
important bearing on safe operation may
be required by the Administrator when.
unusual design, operating, or handling,
icharacteristics so warrant.

(b) When an airplane is certificated

‘in more than one category, the applicant
shall select one category on which all
placards and markings on the airplane
shall be hased., The placard and mark-
ing information for the other categories
in which the airplane is certificated shall
‘he entered in the Airplane Flight Man-’
ual. A reference to this information:
‘shall be included on a placard which.
shall also indicate the category on which
ghe airplane placards and markings are’
ased.

. §37955-1 Muarkings and placards jor
an airplane certificated in more than one
category (CAA policies which apply te
§ 3.755 (b)). (a) The following sugges-
tions are given to assist in making plac-
ards and markings as simple and
straightforward as possible:

(1) The applicant (who may be the-
manufacturer or an individual cpera-
‘tor) should select a “basic” category on
which all markings and placards will
be based and installed on a partie-
ular airplane. However, this does not
‘prevent the selection of some other cate-
gory as “basic” for the placarding and
mearking of other airplane of the sa.me
model.

(2) Placards of markings perta.mmg
‘to other categories should be installed
.only when this ¢an be done without con-
fusing the placards or markings for the
“basie” category. For example, previous:
attempts to put dual sets of markings on
airspeed indicators have proven unsat-
isfactory. Qn the other hand, it may be
_desirable to install bageage capacity and;
numher of persons placards which cover
‘both normaI and utility categories.

(3) A statement on the placard, re-
quired by §3 3.769 and 3.770, should refer
the operator to the “Approved Alrplane
Flight Manual” for information on the
placards and markings appropriate to

.the other categories in which “the air-
‘plane is certificated.

(4) All placards should be arranged to



“lated to performance.
‘flap settings relating fo airplane per-
‘formance should be included in the “per-
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present the necessary information to the

-pilot in as simple and practical a manner

as possible. In many cases, it may be
convenient to consolida.te various pla.c-
ards.

(5} The following is an example of a:

‘possible (but not necessarily complete)

form for a consolidated placard for an-

‘airplane certifieated in Normal and Util-

ity Categories, using the Normal Ca.te-:

gory as the “basic” category for purposes:
of placarding and marking:

THIS AIRPLANE MUST BE OPER-
ATED -AS A NORMAL OR UTILITY
CATEGORY ATRPLANE IN COMPLI-
ANCE WITH THE APPROVED;
PLANE FLIGHT MANTAL.

All markings and placards on this
alrplene apply to lts operation as a
Normal Category Alrplane. For Utility
Category operations, refer ‘to the Alr=
plane Flight Manual.

NO ACROBATIC MANEUVERS (IN-
CLUDING SPINS) ARE AFPROVED
FOR NORMAL CATEGCRY OPERA~- .
TIONS,

(6) When the category selected for
marking and placarding is the Utility
Category, the appropriate placards for
limiting the weight to the approved util-

“ity value should, of course, be posted.

‘This may, for example, require placards
‘on some of the seats, “Not to be occupied
during Utility operations.f' and *“Maxi-
‘mum baggage capacity during Utllity
Category operations, ___.__ pounds.”
When the number of occupants per-
mitted for the Utility Category is less
than the number of seats, but the seat-

" ing arrangement makes no difference, it

may be more convenient to omit the seat
placards and substitute a statement such
as the following on the consolidated pla-
card, “Maximum number of persons for

‘Utility Category Cperations, ...

() For Utility Category maneuvering
limitations, see § 3.20-2,

[Supp. 10, 16 F. R. 8382, Apr. 14, 1961)

' §3.755-2 Markings and placm‘ds fo¥

flap settings (CAA policies which apply |

to § 3.755 (a)). (a) Flap seltings as re-

Instructions on

formance information” section .of the
Manual, and should be identified with the
corresponding performance data given in
§3.777-1 (g). If the applicant has dem-
onstrated compliance with the pertinent
performance requirements for a range of

“flap settings, the range may be given in-

stead of a single setting. In this case,
performance data should be shown for

.both extremes of the range, or for the

critical setting within the range, plus ex-
planation of the qualifative effect on per-
formance of using other settings within
the range,

(b) Flup settings resulting in unsafe
characteristics. If improper setting of}’
the flaps can result in dangerous char-

-acteristics, a suitable item should be in-
‘cluded in the *“‘operating limitations”

section of the Flight Manual, and on a
placard in view of the pilot.

Typical examples of “dangerous char-,
acteristics” would be cases in which
flap take-off setting .less than that
‘unusual difficulty in take-off by greatly;
extending the take-off distance, or af-
fecting controllability (e. g., porpoising,
or inability to raise nose wheel). Rea~
sonable and gradual variations in. per-
formance with change in flap setting,
would not be considered dangerous.
Cases of obvious pilot error need not be
considered such as take-off with flaps in
landing setting, provided the pertinent
settings are adequately marked on the
ﬂap indicator.

INSTRUM:ENT MARKINGS

. §3.756 Instrument maorkings. The'
instruments listed in §§ 3.757-3.761 shall
have the following limifations marked:
thereon.,

‘ment, adequate provision shall be made
to maintain the correct alignment of the,
| glass cover with the face of the dial. All
arcs and lines shall be of sufficient width.
and so located as to be clearly and easily.
visible to the pllat.

§3.757 Air-speed indicator. (a) True
indicated air speed shall be used: )

(1) - The never-exceed speed, Vae—a'
radial red line (see §3.739).

¢2) The caution range—a yellow are
extending from the red line in (1) -zhove:
' to the upper limit of the green arc speci-
field in (3) below.

« (3) The normal operating range—a
green arc with the lower limit at Vi
as determined in § 3.82 with maximum,
weight, landing gear and wing flaps re-|
tracted, and the upper limit at the max-|
imum structural cruising speed estab-;
lished in § 3.740. !

(4) The flap operating range—=a whlte
are with the lower Lmit at V., as de-
termined in §3.82 at the maximuml
‘weight, and the upper limit at the ﬂap=-
rxtended speed in § 3.742.

{b) When the never-exceed and max:—
irnum structural cruising speeds vary w:th
altitude, means shall be provided which |
will indicate the appropriate limitations
to the pilot throughout the operating
altitude range.

§ 3757-1 White ore on air-speed mdz-
cator (CAA interpretations which ap-
ply to § 3.757 (@) (£)). The white arcon
the air-speed indicator should extend to
-the “basic” fiaps extended speed speci-
‘fled in § 3.742. Additional combinations
of flap setting, airspeed and power es-,
tablished in accordance with § 3,742
should be listed in the airplane flight.
manual and may be listed on a placard if
the manufacturer desires,

[Supp. 10, 18 F. R. 3293, Apr. 14, 1851]

§3.758 Magnetic direction indicalor,
,A placard shall be installed on or in
close proximity to the magnetic diréc-
tion indicator which contains the cali-
bration of the instrument in a level
flight attitude with engine(s) operatingl:

marked on the flap indicator would causey -

When these markings arej.
placed on the cover glass of the instru«j.

shall be stated). The calibration read-

and radio receiver(s) on or off (which' "
'starter swit¢hes (CAA interpretations
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ings shail be those to known magnetic
headings in not greater than 30~ degree
‘increments,

§ 3.759 Power-plant instruments. All‘_
required power-plant instruments shall
be marked with a red. radial line at
the maximum and minimum (f appli-.
‘cable) indications for' safe operation.:
The normal operating ranges shall be
marked with & green arc which shall not;
‘extend beyond the maximum and mini-
mum limits for continuous operation.:

_Take-off and precautionary ranges shall

be marked with a yellow arc. Ramngesi

{ ‘of engine speed which are restricted as
‘} a result of excessive engine or propeller
4 vibration shall be marked with a red

are,

.[Amdt. 02-0, 11 F. R. 13395, Nov. 9, 1946, 8s
-amended by Amdt. 3-4, 15 P. B, 8902, Dec. 15,,
1960]

§ 3.768-1 Power-plant instrument
markings (CAA -interpretations which
apply to § 3.759).
peller is restricted against operation ina
definite r. p. m. range, because of vibrat-
ing stress considerations, such restrie«'
tions should be indicated by a red arc on:
the tachometer extending from the low,
to the high engine r. p. m. speeds corre-.
sponding to the restricted propeller;
speed r, p. m. ranges. This policy follows
the general practice of the regulations in;
preseribing the use of red markings in-:
stead of yellow markings in indicating:
restrictions that are more than precau-
tionary. :

(b) Tachometer disl should not be
marked to indicate restricted operating
range due to propeller vibratory stress:
considerations when this consideration!:
applies .only under certain conditions
such as when landing gear is extended.:
Tt is considered satisfactory for a plae-
ard covering such restricted ranges to.
be provided, :
[Supp. 10, 16 F.. R. 8293, Apr. 14, 1951]

§3.760 Oil quantity indicators. In-.
dicators shall be suitably marked in suf-;
fleient increments so that they will
readily and accurately indicate the
quantity of oil.

§ 3.761 Fuel quantity indicator.
When the unusable fuel supply for any
4 tank exceeds 1 gallon or 5 percent of
the tank capacity, whichever is. greater,:
a red hand shall be placed on the indi-
cator extending from the calibrated zero
reagding (see § 3.437) to the lowest read-
ing obtainable in the level flight atii-
‘tude, and a suitable notation in the Ajr-
plane Flight Manual shall be provided to
indicate to the flight personnel that the
fuel remaining in the tank when the
quantity indicator reaches zero cannot
‘be used safely in flight. (See § 3.672.)

CONTROL MARKINGS

$3.762 General, All cockpit con-
‘trols, with the exception of the primary.
flight confrols, shall be plainly marked:
a8 to their functmn and method of
‘opera.f:mn

§3.762-1 Marking of buttan-type—
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fbMeh apply to § 3.762). - Simple.push-,

Button type starter switches need: ‘notbe!
mﬂ:ed to indicate method: of operation.
laupp 10, 18 F. R. 3203, Apr: 14, 2951]

.8 8.763 Aerodynamzc conirols. Thef

- controls .shall be suitably'
marked to comply -with - §§ 3.337 and.'

338
& §3'164 ‘Power-plant fuel. controls.

«€a) Controls for fuel tank selector
walves shall be marked to indicate.the
position corresponding to each tank aml
to. all existing cross-feed positions,

(b) When more than one fuel tank is
provided, and if safe.operation. depends
upon the use of tanks in a specific se-
quence, the fuel tank selector controls,
shall be marked adjacent to or on the

control to indieate to the flight person-;

nel the order in wl'uch the tanis: must
_be--used.

() Gn multiengine airplanes, cnntmls‘

" for:engine valves shall:'be'marked to:in-
diegte the position corramnﬂlng to-each:
engine.

.4d) The usable capacity-of each tank | .

»shau be indicated adjacent to- or- :onmhe
.. ‘fuel tank selector control.

TAmdt. 03-0, 11 F. R. 13895, Nov. -9, 1946 88
‘:;%;?ded by Amdt. 3-7, I7T'F. B. 108??. Feb. 5,

. $3765 Aeccessory and cmzz!wry ctm-
‘frols, (a) When a refractable land-

ing gear is used, the.indicator:required |

in §3.359 shall be marked in such a
manner that the pilot can ascertain at
all times when the wheels are secured
in the extreme positions.

(b) Emergency controls shall be col-
ored red and clearly marked as.to their
method of operation.

MISCELLANEQUS

§3 766 - Baggage compartments, bal-
last location, and specigl seat. loading
limitations. (a) Fach baggage or cargo
compartment and ballast Iocation shall
bear a placard which states the maxi-
mum allowable weight of confents and,
if applicable, any.special limitation ofr
cgntents due to loading requu'ements,
ete

{(h) When the maximum permissible
weight to be carried in a seat is less than
170 pounds {(see § 3.74), a placard shall
be permanently attached to the seat
structure which states the maximum
allowable weight of occupants to he car-
ried.

§ 3.767 '*Fuel, oil, and coolant filler
openings. The following  information
shall be marked on or adjacent to the
filler edver in each case:

(a) The word “fuel” the minimum
permissible fuel octane number for the:
engines installed, and the usable fuel
tank capacity. (See §3.437)
~ () "THe word “oll” and the oil Fank
capacity

(¢} The name of the proper coolant
fluid and the capacity of the coolant
system.
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] 43768 Emergency exit placards.
ergency exit placards and opersiing
eontrols shall be-colored red. A placard

~1shall be located adjacent to the con-

trol(s) which clearly indicates it to be
an emergeney exit and describes the
‘method- of operation. (See § 3.387.)

‘'§'3.760 Approved flight manewvers—

() Category N. Aplacard shall be pro-

vided i front of and in clear view of
the pilot stating: “No aerobatic maneu-
vers inc]uding spins approved.”

(b Cetegory U. A placard shall be
 provided in front of and in ctear view of
‘the pilot stating: “No acrobatic maneu-
yers approved, except those listed in the
'Airplane Flight Manusal.” -

(e -Category A. A placard shall be
' provided in clear view of the pilot which

{Tistsall -approved acrobatic maneuvers’

Fand the: recommended-entry airspeed for .
-ezeh. I -inverted flight maneuvers: are
-not-approved, ‘the placard shall bear 8.
?nota,tmn to-this:effect. .

38 370 Operating Himitations placa,r g
-:A-placard shall be provided. in.clear view
of: the pilot. sta.tmg, “This alrpla;ne st
‘{.%e -operated &s & :
-eatezory airplate in- comp!iance with the’

' | operating limitations-stated in the form
-] plane (skiplanes, seaplanes, etc.) are

} of placards, markings, and ‘manuals.”
- jAmat. 3-10, 18 ¥. R. 2213, Apr.718, 1953)

. Aj:nm.mz FLIGHT. MANTAL
- §, 3977 Afrplgne Flight Manual, (a)

1 AnAlrplane Flight Manual shall be

fur-nished with each airplane, having s
:maximun certificated weight of .

‘more than 6,000 pounds' The portions
of this document listed below shall be
verified and approved by the Administra-
tor, and shall be segregated, identifled,’
and clearly distinguished from. portions
not so approved. Additional items of ir<}
formation having a direct and important;
‘bearing on safe operation may be re-
usual design, operating, or handling]
characteristics so warrant.

* (b) For airplanes navmg 8 maxlmum
certificated weight of 6,000 pounds or less.
‘an Alrplane Flight Manual is nof re-;
quired; instead, the information pre~
seribed in this part for inclusion in thel
Afrplane Flight Manual shall be made,
-available to the operator hy the manu-:

‘p]acards, merkings, or manuals.

§3.777-1 “Preparation -of airplane
fiight manuals. for girplanes in the nor-’
mal, utility, end acrobatic’ categories:
(CAA policies which apply to '§ 3.777)..
(a). This section outlines an acceptable‘
larrangement for -the  Airplane Flight
Manuzl as.required by § 3.777. It should
 be-noted. that the items outlined below-
for Jnclusion in the document will not
sll be necessary for a given airplane, and
‘the Civil Aeronautics Administration is
desirous of holding the document to the;
smallest practicable amount of ma.tenal.
Only the material required by this part

| should be included in the Civil Aeronau-

tManual.™

quired by the Administrator when un-1

facturer in the form of clearly stated]

tics Administration approved portion of-
the manual. However, if desired, the
manufacturer may add other data in &
distinctly separate section in the same
cover. ‘The portion of the material that
is to be approved by the Civil Aeronal-
ties Administration must be so marked.
and clearly separated from any other:
material so that no one could easily err
in regard to the part that is approved.

(b) The page size for the Alrplane
Flight Manuzl will be left to the decision;
of the manufacturer. Some sori of a
cover should be provided where more '
than one page Is involved and should
indicate the nature of the contents with
the. following title: “Airplane Plight
Each page .of the approved’
portion .should . bear the notation “CAA-
Approvedand the date of issnance. - The.
‘material should -be bound in some semi-
.permanent fashion -so.:that pages will,
‘not-eastly-be lost; but should be so bound’
.that-revised pages. can be ingerted. In

B

‘[ the -case of small airplanes where the
1 document consists. of only one or twoi

‘pages, .superseding the entire document
would be preferable to issuing revised
pages. The ‘aircraft specification will
‘identify the manual by the approval date,
and when different versions of the ajr-

covered in separate manuals, each will,

1 be listed. Also, the latest approved re-

visions will be shown.

(1) When an aircraft has tentative -
apbroval only, the following statement
should appear on the inside of the front
covering page of the manual:

The certificate of alrworthiness Issued to -
the alrcraft described hereon, subject to the-
final issuance of & covering type certificate,.
15 based upon temtative approval of aireraft
of this model. Tpon lssuance of a covering:
type certificate, it may become necessary to:
make certaln modifications or adjustments
to the subject alreraft In order that the cer-
tificate of alrworthiness may refnain effective.

(¢c) The Airplane Flght Manual
should contain as much of the material
in paragraphs (d) through.(h) of this
section as is applicable to the individual
model. . It is suggested that the docu-

ment be divided into sectlons as indicated
in paragraphs (d) through (h) of this
section, The sequence of sections and of
items within sections should follow the
outline in so far as is practicable, This

- will facilitate revising the document

when an airplane is altered in the field.

(d) Administrative section, (This
section will be unnecessary in the ease
of small uncomplicated airplanes where
the Imitations consist of only one or two
pages. In such cases the data noted for
Aneclusion on the title page can be placed
‘at the top of the first page.)

(1) Title page. This page should in-
clude the manufacfurer’s name, airplane
model and the registration number.

(2) Table of contents. This page will
not be necessary where the document
consists of only a few pages.

(3) Log of revisions.  Should provide
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. power-plant instruments),

AIRPLANE AIRWORTHINESS;

spaces in-which to 'Técord Tevised pages]

‘andthe date inserted.. This page wil
—inot.be necessery. where the document ‘is'
‘short-and will be superseded completely
Af changes are necessary.

 (e) Limitations section—(1) .Engine
‘power and speed limits. Should also Hst
engine and propeller manufacturer and
‘model.

{2) Temperature and manifold ﬁres-

" sure Wmits. Include, if applicable, mini-

‘mum climbing airspeeds for hot weather
operation,

(3) Fuel prade. This item as well as
‘subparagraphs (1) and (2) of this para-
.graph may, in the case of most a.irplanes.(
‘be covered together. -

(4)  Propeller. Should list prope]]er

' ‘manufacturer and model.
(53) Power-plant door end flap set-|

tings. Pertalns only when cowl flaps,

.eooler doors or other similar devices are ™

inptalled,

8) Placards (power-plant only) .|

Should ‘list all power-plant operating
placards and explain their significance,
where pertinent. : '

(1. Instrument - markings
plant instruments).” Should list all
'power-plant instrument markings, .

(8) Airspeed Uimitetions. Should in-
clude “never exceed speed,” “maximum
structural cruising speed,” “maneuver-
‘ing speed,” “flaps extended speed,” and
“landing gear extended speed” where
‘anplicable.

(9) Flight load factors. The pertinent) .
load factors should be given in terms of{.

aceelerations.

(10) Mazimum weight, This should
st maximum weights. ‘

(11) C. G. Range. The approved ¢. g
limits and "‘datum should be listed in
inches.

(12) Maneuvers. This should list the
approved maneuvers with recommended
.ehtry speeds.

¢13) Placards .(exeept power-plant
placards), Should lst all Alight placards
and explzin their significance where
pertinent,

(14) Instrument markings
Should list
all flight ingtrument markings, and ex-
plain their significance. (In most cases
‘this will involve only fhe airspeed
indicator.)

(15) Minimum crew. This section
‘should be used only when the minimum

“:crew is more than one. - Where used, the.

section should explain the basic duties of
each crew member.

(f) Procedures section—(1) Normal
operating procedures. For the smal,'l.
conventional airplane where all proce-

-dures are conventional, this section will
not be necessary. Only unconventional.

features and peculiarities of the particu-
Tar airplane should be covered here, and,
in the case of more complex airplanes,
ithe following should be covered where
pertinent.

- (power~}

‘p-Manual,
Aeronautics Administration to place the }.

(except

) One ‘engine noperative.
only o multiengine -

contain all necessary p
operation. :
* (i1) Propeller feathering. Applieg
only to multiengine tyies equipped with:

‘Appiies;
es and should ]
edures forsgch

fenthering: propellers. Should containj

full instructions on feathering and un-
feathering,

{ili) Circuit breakers. Should con-
tain full information on the location and
method of resetting all cireult: hree.kerst
| installed.

(iv) Fire procedures Perfains only to
airplanes equipped with a built-in ﬂre\
extinguishing system. Should contain’|
full instruetions on the operation of such
systems as well as associated fire pro-!
tection equipment and procedures.

o), Emergency procedures for ﬂaps,

landing gear, fuel damping, ete.
(vi) Other special opetatific proce-
dures (if any). ) . ‘
(g) Performance :‘nfqrma‘tion- sec-
‘tion—(1) Teke-off data. Should include:
distance to clear 50-foot obstacle, ete., at
-vartous altitudes and temperatures.

‘rate of climb, balked  landing climb
(landing gear extended and wing fiaps
in Janding position) and one-engine in-
ioperative climb (for multierigine types)
‘at various altitudes and temperatures.
(3) Larding date. Should give dis-
‘tance to complete ‘landing over 50-foot

obstaele and approach speed for va.rious !

altitudes.and temperatures,

:speeds, stall warning -indications and
‘other pertinent data including stalling
_speeds at various s.ngles ‘of ‘bank,

. (h) Weight and balence date section.
“This section will not be ingluded in the{:
‘a.pproved portion of the Airplane Flight
It is the intention of the Civil

‘responsibility for the control of weight
and balance with the manufacturer and

‘operator. The manufacturer will furnishi}’

& weight and balance report for each new!
airplane. The Civil Aeronautics Admin-,
dstration representative will not approve
each individual report- but will make’

‘only occasional spot checks to ascerta.lnl '

-that the manufacturer’s weight control
procedure is adequate. The manufae-:
iturer will be. expected to furnish com-
'plete information with the airplane, not
only regarding its actusl weight and’
‘balance, but also to include skefches,
jgamples, and other dafa that will assist
the operator in checking the balance
after alterations. The Repair and Al-
terafion Form (ACA-337) has been re-
wised to include space for recording the
new empty weight, empty weight C. G.
-and useful Ioad on the form affer each
chahge. A-eopy of this form will be

given to the owner and his file of sueh-

forms, together with the manufacturer’s
original data will afford the owner with
& complete and up-to-date file. In cases

‘where-the permissible C. (. positions
‘'vaiy .with gross weight, it is suggested

(2) Climb data. Should give normal},

@) Stal!iny date. Should give stall;

 proval,
' Chief, Aireraft Division, and returned to
'the manufacturer.
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Ahat & note be: included o 'the: weight
;and balance Teport advising owners. to

-contact the airplane-manufadiurer when

 any chenge - is-made to". the. ahrplane

which would w«ppreciably affect the lo-
catiun of - themt.v C. G. or location of
usefil 1oad ftems. “The manufacturer is

f asked to cooperate. in an educational

program to inform the .owner of his re-
sponsibility and the mesws whereby he
can discharge it. To this-end, a state-.
ment substantially as follows should be
prominently displaved in the weight and
halance section:

Hore: It is the responslbility of the alr-
plane owner and the pilot to insure that the
airplane is loaded properly. The empty
welght, empty welght C. G. and useful load
are noted below for this alrplane as-delivered
from the factory. If the airplane-has:been
altered, refer to the latest approved Repair
and Alteration Form (ACA-337) -for -this
information.

(1) Weight limits. Should list -and
explain (where necessary). the various
weight limits. In the case of -a smasll
‘airplane, only the maximum -(gross)
weight would be applicable.

(2) C.'@, limits. Approved operating -
G G. range,

“¢3) Empty weight C. G- lzmzts where
practzcabze This applies to the empty
weight €. G. range which will auto- .
matically assure compliance with the’
operating €. G. limits under the most‘
adverse loading conditions,

(4) .Emply weight and empty wetght
C. G. location.,

(5) Equipment Ust. All equipment

- ineluded in the empty weight. Equip-

ment items should normally he identified
by the item number and name used in
.the Aircraft Specification. .

(6) Weight computations. The 'com-i
putations necessary to determine the
‘empty weight C. G. location and the
check of forward and aft C. G, locations
:where applicable.

(Ty Loading sehedule
;necessary.

(8) Loading schedule instruciions,
Complete instructions in the use of the
loading schedule. —

(9) Unconventional airplanes. The
‘material in paragraph (h) of this section
is believed to be complete and adequate
for & conventional airplane, In the case
of unconventional airplanes or airplanes
with speecial features, the foregoing
should be modified or amplified as neces-
sary to cover the case.

(1) Number of copies. Three copies
‘of the above material, less the Weight |
and Balance Data Section, should be

Supply where

' submitted to the appropriate Civil Aero- -
-nautics Administration regional office by

the manufacturer for an original ap-
One copy will be signed by the

Revisions to the
manual will be approved in the regional
office. 'One copy of the Weight and Bal-
ance Data Section should be included in
the manual by the manufacturer for
each airplane at the time of certification.
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AIRPLANE FLIGHT MANUAL .

1. LIMITATIONS

The following Jimitations mast be observed in the eperation of this airplane:

ngine: Motors model 160A.
Engine limits: For all operations—2500 rpin, 160 hp.
nel: . 73 minimum octane aviation gasoline, . i .
Propeller: Hgggillton Stgntd:;dinwnsmnt speed, bob 2D30, biades 61674-15, Piteh settings, high
ow 14° 3 . Sta., : -
Power instrument: T o(a) Fhel q%antity gauge: ¥ uel remaining in tank when indicator is in the region marked
" in RED cannot safely be used in filgh :

(b) Oil temperature: Unsafe if indicator exceeds RED line (200° F)
() Tachometer: RED line at rated engine speed. DO NOT EXCEED.

Normal category  Utility cotegory

Airspeed limits {true In-  Never exceed.. 166 mp
Jicated airspeed): Max, structural 120 myph
Maneuverin 110 mph
Flaps extended. 40 mph
Flight load {actors: Max, positive load factors.. 3.9 45 )
Max, negative load factér... ..No inverted maneivers epproved,
.. Maximum weight: . . 100 Ibs. 1,900 lbs. '

O, G, range: - +11.0) to {4+22.4)
atum—L. E. of wing.

Nore: It is the resPonsibility of the arplane owner and the pilot to insure that the pir-
plane is properly loaded. ) )

(ag Ny acrobatic maneuvers approved for Normal Category opetation.
(b) The following maneuvers are apgroved for operation in the Utility Category only,
with recornmended entry ﬂnec s shown:
CHANDELLES—110 MPH TIAS LAZY EIGHTE—I05 MPH TIAS
STEE¥Y TURNS—100 MPH. TIAS SPINS ‘-
STALLS (EXCEPT WHIP STALLS)

Adrspeed instrumentmark. (a), Radial RED line marks the nevet exceed speed which is the Inaximum safe airspeed.
ings and thelr signifi- (b) YELILOW arc on indiestor denctes rangs of speeds in which operations should be
eance: ) conducted with caution and only in smooth afr. .

{¢) GREEN arc denotes normal operating speed range. . .
(d) WHITE arc denotes speed range in which flaps may safely be lowered.

NotE: Maneuvers involving approach to stalling angle or full application of elevator.rudder or aileron should be
confined to speeds below maneuvering speed. . . :
2. PROCEDURES . . .
Normal operating pro- Ya) Réar seat must not be ceeupied when airplane is operated in the Utility Category.

eodures: .
3. PERFORMANCE INFORMATION .
The following perfortrance figures were obtained during Civil Aeronautics Administration tyga tests and may
tl;e ﬁaﬁlized undet conditions indicated with ihe alrplane snd engine in good condition and with average plloting
chnique. : .
Al performance is‘igiven for 2100 1bs. welght, with no windand on level, paved runways. In using the following
data, allowanes for agtual condltions must be made, )

Cutside air temperatures
item _ Altitude - I g . “
: : 0° F.*| 25° F.. ?" F. | 75° F, |100° ¥..
Take-off distancs (in feet): Distance raguired to take- 70| o0 | Lo00| Lo7s
off and climb 50 feet, Full throttle 80 mph climb 1,275 1,478 | 1,600 1, 700
speed. Flaps down 10°, : 1,875 | 2,050 | 2,200 2, 550
2,300 | 2,600 ] 2 700 3, 000
Landing distancs (in feet): Distance required to land Bea Jovel. oune.- 1,200 | 1,250 | 1,300 | 1,350 1,40(5,
over 50 fest obstacle and stop. Flaps full down. | 2,000 feet... 280 | 1,320 | 1,380 | 1,440 1, 500
Approach at 75 mph. 4,000 feet.... . 1,400 | 1,480 | 1,510 1,570
o . 6,000 feet - ... 1,480 [ 1,520 | 1,380 1,640
Norma} rate-of elimb (ft. per min.): Full throttle, 769 20 680 640,
Flaps up. Alr speed 50 mph. 640 600 580 520
. 510 470 439 390
' 380 340 | 300 ) 260
Balked landing clfmb (feet per minute), Fuli throttle. 570 530 500 £70,
Flaps down, Alrspeed 50 mph. 460 460 420 380 350
380 340 300 270 240
250 230 150 180 120

Stalling speeds (mph), PowWer offeeeutie oo ooomemmmoe

0° - 40° 50° 80>
55 57 64 70 8 -
50

Following the perforfiance information would be the seetion on welght and balsnce. ‘Thezoanujastuter mey merely,
append his regular weight and balance forms if he desires), !

'[Supp. 10, 16 F. R. 3268, Apr, 1¢, 1950)



AIRPLANE AIRWORTHINESS; NORMAL,

this part (CAA policies witich apply to'}

‘§ 3.777). See § 3.780-3.
Supp. 10, 18 F. R. 3296, Apr. 14, 1951]

§3.778 Operating .
lir-speed limitations.

limitations—(a) |
Sufficient infor-|

nation’ shall be included to per::mt‘.r

proper marking of the air-speed limita-;
tions on the indiéator as required in
'§8.757. It shall also include the design;
maneuvering speed, and the maximum’
safe air speed at which the landing gear
fhan be safely lowered. In addition to]
¢ above information, the significance
of the air speed limitations and of the
eolor coding used shall be explained.

(b Power-plant lmitations, Suff-
cient information shall We ineluded to
outline and explain all power-plant Imi-,
tations (see §3.744) and ‘to permit j!
marking the instruments as required 111

'§3.750.

(¢} Weight. The following informa-
tion shall be included:

(1) Maximum weight for which the
airplane has been certificated, -

(2} Airplanie empty weight and center

‘01’ gravity location,

(3} Useful load,

(4) The composition of the useful load,
including the total weight of fuel and oil
with tanks full, '

(d) Load distribution. (1) All author-
ized center of gravity limits shall be
stated. If the available space for load-
ing the airplane is adequately placarded
or so arranged that any reasonable dis~

‘tribution of. the useful load listed in

weight above will not result in a center of
gravity location outside of the stated

'limits, this section need not include any
‘other information than the statement of:
-center of gravity limits.

(2) In all other cases this section shall

“also inciude adequate information to in-
‘dicate satisfdctory loading combinations

which will assure maintaining the center
of gravity position within approved

(e) Maneuvers. All authorized ma-
neuvers and the appropriate air-speed
limitatiors as well as all unauthoerized
maneuvers shall be included in accord-
ance with the following:

{1} Normal caltegory. All acrobatic
maneuvers, including spins, are unau-
thorized. If the airplane has been dem-
onstrated to be characteristically in-
capable of spinning in accordance with
§3.124 (), a statement to this effect
shall be entered here,

(2) Utility category. All authorized
maneuvers demonstrated in the type
flight tests shall be listed, together with
recommended entry speeds. All other
maneuvers are not approved. If the air-
plane has been demonstrated to be char-
acteristically ineapable of spinning in
accordance with § 3.124 (d), a statement
to this effect shall be entered here.

type flight tests shall be included, to-
gether with,} recommepded entry speeds.

.1plane's structure shall be described here

land (¢)), shall be included in the Air-

and balked landing climb shall be cal-

‘P, to 1007 F. respectively, except that
take-off and landing distances for a sea-

.30° F. at altitudes above 1,000 feet.
(3) Acrobatic category., All approved} 00 feet

flight maneuvers demonstrated in thef

‘tive shall be calculated for an altitude
‘range of sea level to absplute ceiling and

«f) Flight load factor. The positive)
limit load factors made good by the air-

in terms of accelerations.

(g) Flight crews. When a flight crew‘
of more than one is required to oper—\
ate the airplane safely, the number and{
functions of the minimum mght crew
shall be included.

§8.719  Operating - procedures. This)
sectmn shall contain. information con-
‘cerning normal and emergency progce-
dures and other pertinent informatior:
-peculiar to the airplane’s cperating
‘chafacteristics which are necessary to
safe oper?.tion

. §$3.4180 Performance information.
1{a} For airplanes with a maximun cer-
tlﬁcated take-off weight of more.than
'6,000 1lbs., information relative to the
items _of performance set forth in sub-
pa.ra.graphs (1) through (5) of this par-
‘agraph shall be included:

(1) The stalling speed, Vs, at maxi-
mum weight,

(2) The stalling speed, Vs, at maxi-
mum weight and with landing gear and
wing flaps retracted,’

. (8) The take-off distarnce determmed
‘in accordance with § 3.84, including the

air speed at the 50-foot helght, and the
airplane configuration, if pertinent, !
¢4) The landing distance determined
in accordance with § 3.86, including the
.airplane configuration, if pertinent,

(5) The steady rate of climb deter-
mined in accordance with §385 (a),
(¢}, and, as appropriate, (b}, including
the air speed, power, and a.1rp1ane con-
figuration, if pertinent.

(h) The effect: of variation in para-
graph (a) (2) of this section with-angle
of bank up to 60 degrees shall be included;

(¢} The calculated approgimate eﬁecjl

of variations in paragraph (a) (3), (4
and (5) of this section with altitude an:
temperature shell be inctuded.
[Amdt. 03-0, 11 F. R. 13305, Nov. 9, 1946, ag
amended by Amdt. 3—2, 15 ¥. R. 8902, Dec. 15
19501

'§ 3.780-1 Caleulated effects of tem-

perature and altitude varigtions (CAA
policies which apply o § 3.780).

of variations in temperature and aiti-
tude on the take-off distance (§ 3.84 (a)
(2)), the landing distance (§ 3.86), and
‘the steady rate of climb (§ 3.85 (&), (1),

.plane Flight Manual. The following
ranges of these variables will be con-
sidered acceptable by the Administrator:

{a) The altitudes and temperatures
for which performance in take-off dis-
tance, landing distance, take-off climb

culated are sea level to 7,000 feet and 0°

plane need not show temperatures below

(») For multiengined aircraft, the
climb with the eritical! engine inopera-

plane Flight Manual.

. Section}|,
3.780 requires that. the. calculated effects )
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's, temperature range from 60°. F., below:

the standard temperature to 40° F.

-gbove the standard temperature at the

altitude involved.
[Supp. 1, 12 F. R. 3488, May 28, 1947, as

‘amended by Amdt. 1, 14 F. R. 36, Jan. b, 1949],

§3.780-2 Performance data for al-
tered airplanes of this part (CAA policies
which apply to § 3.780), Ferformance,
data for altered airplanes of this part
must be changed in the Airplane Flight
Manual if the alteration decreases the
performance below that given in the
existing manual. If performance can be
shown to equal or exceed original values
then a statement in the manual to this
effect is sufficient.

[Supp. 10, 16 F. R. 3295, Apr. 14, 1951]

§ 3.780-3 Performance deta and flight.
tests for ski installations on airplanes of

‘this part (CAA policies which apply to

§ 3.780)—(a) Take-off and lunding dis-
fances. It will not be necessary, In
complying with § 3.780 (a) (3) and (4},
to make take-off and landing distance
tests on skiplane installations where
landplane distances are given in the Air-
The following, or
similar, statements should be given in the
performance information section of the

it Airplane Flight Manual.

- (1) Take-off. Under the most favor-
able conditions of smocth packed snow:
at temperatures approximating 32° F.

{ the skiplane take-off distance is approx-

imately 10 percent greater than that
shown for the lJandplane.

Norte:- In estimating talke-ofl distances for

‘other conditfons caution should be exercised
in that lower temperatures or other snow .

conditions will usually incresse these dls-
tances.

(2) La,ndmy Under the most favor-
able conditions of smooth packed snow
at temperatures approximating 32° F.
the skiplane landing distance is approxi-
mately 20 percent greater than that
shown for the landplane,

Note: In estimating landing distances for
other conditions caution should be exercised
in that other temperatures or other snow
conditions may either decrease or increase
these dlstances.

(b) Climb performance. In cases
where the landing gear is fixed (both
landplane and skiplane), where the
climb requirements are not critical, and
the climb reduction is small (30 to 50 feef
per minute), the CAA will accept a state-
ment of the approximate reduction in-
climb performance placed in the Air-
plane Flight Manual performance infor-
mation section. For larger variations in
climb performance, or where the mini-
mum requirements are critical, or where
the landing gear of the landplane was
retractable, appropriate climb data
should be obtained fo determine the
changes, and new curves, tables, or a note
should be incorporated in the Airplane
Flight Manual.

{e) Flight and handling tests. Atleast
4 general flight check should be made
prior to approval. This should include
more than one landing to determine the
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iground handling characteristics as well,
las take-off and Janding characteristics.|
'‘Note should be taken of ski angle ab:
lending contact during tail high and;
itail low landings to avoid having the ski,
dig in ‘or fail from localized stress.

‘Ground control should be sufficient togq,
satisfactorily complete a landing runj.
with a turn off .at slow speed in cases‘f

‘where brakes are not provided. In flight:
'the ski should ride steady with no un-
usual drag and produce no unsatisfac-,
‘tory flight charscteristics. Spin checks]
should be madeé on all sircraft in-which

spins are an approved maneuyer, When}

CIVIL AERONAUTICS MANUAL 3

.5pins are approved under § 3.124 (&), in-;
vestigation with ski installations need:
net ‘be made unless the spin chara.cte:r-
Jstics of the type are known to be‘
marginal,

[Supp. 10, 16 P. K. 3295, Apr. 14, 1951]

SUBPART H—IBENTIFICATION DATA

§3.791 Identification plate.
proof identification plate shall be se-
«curely attached to the structure in an;
‘accessible location where it will not likely-
be defaced during normal service. The
identification plate shall not be placed in;
B location where it might be expected {0

A fire- per. The identifying symbols and regis-

) "Be destroyed or. lost in ‘the event of an’

.accident, The identification plate shal
contain the identification data requh'ai
by § 1.50 of this subchapter.

[CAR; Amdt. 3-1, 14 F. R. 6768, Nov. 8, 1549,

‘} a5 amended by Amdt. 3-4 15 F. R. 8803, Dec. |
}35,~1950]

§ 3.192 Airworthiness certificate num-

tration numbers shall be permanently

it effixed to the airplane structure in com-

pliance with § 1.300 of this subchapter.

{CAR, Amdt. 030, 11 F, R. 13395, Nov. 9, 1946,
a8 amended by Amdt 84, 15 F. R. 8903, Dec.
15, 1950]



Appendix A
Simplified Design Load Criteria for Airplanes Having a
Design Weight Equal to or Less Than 6, 000: Pounds
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Appendix A

.General;

The design load criteria corntained in this Appendix A have been
determined by the administrator under Section 3.171(c) of CAR
Part 3 to result in design loads not less than those prescribed
in Sections 3.181 through 3.23L of Part 3 of the Civil air
Regulationse The use of these criteria is restricted to conw
ventional single engine airplanes having a design weight equal
to or less than 6000 pounds. Careful consideration has been
given to the comments and suggestlons received and where it was
possible to do so, within the limits of Part 3, these comments
and suggestions have been incorporated into this appendix.

It is the option of the designer whether or not he wishes to use
this appendix. However, should he elect to use the appendix, he
should use it in its entirety as a direet and equivalent sub- :

stitute for Sections 3,181 through 34234 of Part 3. Generally
speaklng, the light plane designer will find that the use of these
simplified criteria will substantially rediuce the amount of engi-
neering work required to determine the basic design loads for his
airplane under present airworthiness standards, 7In addition, it
is easier for him to obtain 31mu1taneous certlflcatlon of his
airplezne in more than one category.

Design Criteria.

Flight Envelope. The flight envelope ) “'is a combination of
The maneuvering and gust envelopes of Part 3, For most designs
only the four corners of the V-n dlagram need be investigated.
Provisions, however, are made for those cases in which the gust
load factor at V, is greater than the manuevering load factor..
The basic positive load factors of Part 3 have been retained but
it was fourd necessary to increase the negative load factor. of
Part 3 from .L to .5 of the positive value in order to make the
criteria for the several categories consistent. In addition, the
right hand lower corner has been squared off to reduce the number
of design conditions. : :

Minimum Design Air Speeds., The minimum design speedé'are'almost

exactly the same as the minimum design speeds now required by

Part 3, with the exception obe ming It was necessary in this
latter case to increase the minimum design speed 0%, 7.5% and
13.5%, for the No U and A categories respectively, over the Part
3 minimums. Yg min, however, need not exceed <9V}, actually
obtained at sea levels ¥ pin is equal to 1.k Vg where Vs was
~omputed using Cp, = 1.35, -

(61)
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Control Surface loads.

2,30 Horizontzl Pail. The horizontal tail control surface design
Toads are determined primarily by the down gust load
réquirements of Part 3 for the nommal category. A study
was made of present day airplanes to detemine whether
or not the up loads on the horizontal tail could be.
reduced. The magnitude of the loads obtained for the
Checked Maneuver Gondition (Section 3.216(c) of Part 3)
indicated that in some instances it would be unconser-
vative to reduce the up loads below the down loads, there-
fore the same des:.gn curve is used-for the up and down
loadse . . .

2.31 = Vertical Tail. The vertical tail design loads zre
based on the gust requirements and curve A of Figure
3-3(b), of Part 3., The gust criteria used in develop-
ing the vertical tail loading curve is the same as
Part 3 gust criteria corrected for an aspect ratio of
2.0. The selection of an aspect ratioc = 2,0 is well
substantiated by referring to the basic data used in
present day design of light airplanes,also by the fact
that AR = 2,0 was the minimum in Part Oh. The gust

" alleviation factor, X, was conservatively selected as
being equal to 1.2.

2432 Aileron. Thé' aileron design loads afe exactly the same
as those given by curve B of Figure 3=-3(b) in Part 3.

2,33 Flaps end Tab. Since Part 3 does not contain empirieal

' curves for Ilap and tab design, these curves were .
developed for this Apperdix by selecting a value of
O = Lo 6 and Vy = 12.5 T w/sfor the flap and
Cy,, = +80 and Vo = 19.5 m for the tab.  These

: va'{ues of Cy were selected as' being reasonable and

‘conservative, based on data from NACA Techm.cal Repcrrts
360, h98 571, S7h and 633.

center of Grav:.t.y. Except as noted in Section 5.12 all of the -

loadings specilied in this Appendix are 1rﬂebenderrb of the center of
gravity position of the aircraft, A c.gs range is needed, however,
to establish operating limitations in aecordance with Sect:Lon 3.?78(d)
of Part 3 and therefore should be selected by the designer, '



o

30
3.

L0

APPENDIX A

Def::.m.t ions.

Except as noted below, the nomenclature and - sym.bols used in this
Appendix are the same as the oorrespond:.ng nomenclatm'e and
symbols used in Part 3.

n; = m.rplane Positive Maneuvering Lm:n.t Icad Factor

1,
n3
y = A:Lrplane Nega'tlve 30 fps Guet Limit Load Factccr at Vg

Airplane Negative Maneuvering Limit Ioad Factor

" Airplane Pos:.t:.ve 30 fps Gust LimJ.t Ioad Factar et Vg

N ap= Airplane Positive Limit Load Factor wz‘hh Flaps f‘ally
‘Extended at Vg

Wp min = Minimun Design Flap Speed w 12,5 /] W/S

WP min = Minimum Design Maneuvering__speed = 17.0 \/Ki’Ti?g
# e iy = Minimue Design Cruising Speed = 19.5 \/Ws_
*7D min = Minimm Design Dive Speed = 27.3 VB W/S
#4180 éee Section 5.3
Certification in More than one Category., The criteria in this
- Appendix permit simultaneous certillcation in more than one cate~

gory (N, U or A)e When certification in more than one category
is desired, the design category weights should be selected such

that the term"mW" is constant for all ca‘begorles or is greater

for one desired category than others. The wings and control
sufaces (1nc1ud1ng wing flaps and tabs) need be investigated only
for the maximum value of "mW" or the category corresponding to
the maximom design weight in the event "mW"is constant., If

the acrobatic category is one of the calegories selected, a
special unsymmetrical flight load investigation in accordance with
Sections 6431 amd 7.3l should be completed. The wing, wing carry-
through and the horizontal tail structure should be checked for
this condition, The basic fuselage structure need be investigated
only for the highest load factor design category. The local
supporting structure for dead weight items need be desigred only
for the highest load factor imposed when the particular item is -
instzlled in the airplane, The engine mount, however, must be
substantiated for a higher side load factor when certification

in the acrobatic category is desired than is required for certi-.
fication in the normal and utility cabegories. The landing gear

63
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and the airplam as a whole under landing loads, need only be .

. investigatad for the category corresponding to the maximum

5.0
5.1

Se2

design weights ‘'These simplifications apply in- ‘general to single

‘engine aireraft of conventiohgl type for which experience is
- aveilable; and the Administrator reserves the right to require

additional lmestigatibns for a:lrcraft incorporating umisual design
fea'buress _

Flight Loads.
Genersl.  The flight loads may be considered independent of

Zltitude and, except for the local supporting structure for dead

weight items, only the maximum dasign weight conditions need

be investigated, Values of , should be determined
from Table 1 and Figures 3 ag h gmn%artlcular maximum design
woight§ appropriate to the category or categories for Which approval

‘Is desired,

5.10 values of nj and n) correspond:.ng to the minimum flying
~ weight should also be determined using Figures 3 and L and
1T these load factors are greater than the load factors at
the design weight, the supporting structure for dead weight
items should be substantiated for the resulting higher load
factorse

S.11 'Iri all cases the loads and loading conditions specified in
- Sections 5.2 thromgh 5.1t are the minimum for which strengbh
~should be prov:.ded in the structure,

5.12 The spec:.t‘:.ed wing and tail load:mgs are independent oi‘
‘center of -gravily range. The designer, however, should ‘select
" 2 Cegs Pange and the basic fuselage structure should be in-
vestigated for the most adverse dead weight loading conditions
corresponding to the cege range lelected. :

Airplane Equillbrwm. Vertlcal wing loads may be found directly
Trom vertical airplane loads by multiplying the airplane loads

 (as determined from Sections 6.2 and 6.3) by a factor of 1,05 for

the positive flight conditions and 1,0 for the negative. Tt should
be noted that the vertical wing load is comsidered to be the wing
load vertical to the relative wind., This load; depending on the
maximum high angle of attack will have a chordwise component which
may be as much as 25% of the vertical wing lead: This chordwise

load should be taken into -consideration.

E
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}ﬁ.nimm Design Air Speeds, The minimim design ﬁ.rapeads mw

be chosen by the designer except that they should not be leas
than the minimum speeds found using Figure 1. In uddition,
VG min need not exceed .9V, actually obtained at ses level for
+the lowest design weight category for which certification is

degired. For purposes of computing these minimu desig: ep”ds,

ny -should not be 1es: than 3.8.

Flight Ioad Factor, The limit flight 1oad factm apea;l.tied

in T

the gravitatn.onal constant, g, normal to the assumed: 3,mgit.udina1
axes of the alrplane, and equal in magnitude and ¢,

y represent the acceleration component in terms of

direction to the airplane imertia load factor ot ¥ j-_

gravity.

ﬂ}_gllt Conditions

General, The design conditions spec:lriad i Soetiens 642 and
Be3 are intended to provide strength for all comditions of -

speed and load factor on or within the boundmry: of & V-n diagrm

for the aireraft similar to the ope shown in Figure 2, This -
V-n diagram should also be used in determining the airplane
structural operating limitations as specified in apetiam 3.735
through 34743 and Section 3e ha of Part 3. o

__gmatrical Fl:.ght Gonditions.

6.20

The airplane should be designed for at Mtthe four
Basic Flight Conditions, ®a%, "Dw, "Ef ,nﬂ "t}!' ag noted
on the flight envelops,. Figure 2. ‘ -

6.201 The design limit flight load :ractors, cmoaponding to

64202

conditions "D" and "E" should be at least am great as
those specified in Tabls 1 and Figure 2 and the design
speed for these comditions should be at lsast equal to
the valne of v found from Figurs 1.

For conditions ng" and mGn the load fact.ors ahould
correspond to those specified in Table 1 and the design
speeds should be those computed using these load factors

- with the maximu static 1ift coefficlent (Oy,) determined

by the designer. In the sbsence of more se compu-
tations, 'bhese latter conditions may be based on a value

of Oy, =" 1.35, The design speed for condition wA® may
épeea less than vain
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6.203 Conditions "C" .and nPn need bs investigated. only when

6.211

.13 W/S or n), W/S are greater than nlw/s or nz W/s
respectiva]y, (see Figures 3 and h)e

'ﬂhen .flaps or similar high 1ift devicea int.ended for
use at the relatively low air speeds of -approach, ‘
landing and take=~off are installed, the airplane should
be designed for the two flight conditions corresponding

.%o the valnes of limit flap-down factors specified in

Table 1 with the flaps fully extended at not less than
- the design flap speed Vg ..., from Figure l.

'Unsymtrical Fﬂ.ight Gonditi.ons. The affected at.ructure as

noted, should be designed for the unsymmetrical loadings
specified in Sections 6.30 through 6.32.

6.30

6.31

6432

The aft fuselage to wing attachment should be designed
for the eritical vertical surface 1oad from Sections .

. 7.30 and Te3l e

The wing. and ving carry-through stmcture should be
designed for 100% of Condition "A" loading on one side
..of the plane of symmetry and 70Z on the opposite side

for certification in the normal anmd utility categories
or 60% on the opposite side for certificat:.on in the
acrobastic category. ‘ ‘ _

The wing and wing carry-through struc‘bm'e should be
designed for the loads resulting from a combination of
75% of the positive maneuvering wing loading on both sides
of the plane of symmetry combined with the maximum wing
torison resulting from aileron displacements The effect .
of aileron displacement on wing torsion at V¢ or Vp,using

the basic airfoll moment coefficient modified over the

aileron portion of the span, is computed. as follows:

Co™ Gy ¢ +018¢  (up aileron side)
wing basic alrfoil '

, ﬂing asiec a:eroi}.

‘is the up aileron deflection ard§d ig the dcmn
'aﬁeron deflection, The sum of Sy ¢ S4 =. A eritical,
The method of computing A eritical is shown_ belowe

" Og = G, = 0164 (down a:.leron side)
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(1) -¢0mpﬁ'be A, = .Y_E x A
Ve *
ard Dy :On-S-XExAp
7
_ d
where &, = the maximum total deflection (sum of

both aileron deflections) st Vp. Vp, Ve, and V3
are described in Section 5.3

(2) Determine X from the following formalas

. 2

(Cp - 0L 8 o) V2

here & 5 is the down aileron deflection
corresponding to A , and 8 4 is the down

aileron deflection corresponding to Ay as
computed in step (1).

g

. If K is less than 1.0, O, is A coritical and
should be used to determine & y and &4 . In
this case Vo is the critical speed to be used
in computing the wing torsion loads over the
aileron span. :

If K is equal to or greater than 1.0, Ay is

A eritical and should be used to determine & y
and & g. In this case Vg is the critical

speed to be used in computing the wing torsion
loads over the aileron spal. -

6., Supplementary Conditions. At least the conditions specified

Th Sections Geil aml bl.n2 should be investigated.

6.0

6.11

Special Conditions for Rear Lift Truss. In lieu of an
Tnvestigation of condition G, Megure 2, the special
condition specified in Section 319k of Part 3 may be
investigated, In such event and if certification in more
than one category (see Section L.0) is desired, the value
of W/S used in the formula appearing -in Section 3,194 of
Part 3 should be that for the category corresponding to

the Maximum gross weighte.

Engine Torque Effects. Engine mounts and their supporting.

structure should be designed for the maximm 1limit torque

. corresponding to IKTO power and propeller spesd, acting.

simultaneously with the limit loads resulting from the
maximum positive maneuvering flight load factor ny. The
1imit torque should be obtained by multinlying the mean
torgue by a factor of 133 in the cese of engines hzving
five or more cylinders. For l, 3, and 2 cylinder engines
the factor should be 2, 3, and L respectively.
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6,12 - Side Ioad on Ergine Mount, Engine mounts and their

-~ supporting structure should be designed for the loads
resulting from a lateral limit load factor not less
than 1.L47 for N & U cateégories and 240 for the acro-
batic category.

Control Surface lozds

General,  Control surface loads should be determined using the
criteria of Sechbion 7.2 and m.th:.n the s:.mpllfled loadings of
Section 7«3, ' :

Pilot Effort. In the control surface loading conditions:
described in Sections.7.3 through 7.5, the airloads on the
novable surfaces and the corresponding deflections need not
exceed those which could be obbtained in flight by employing
the maximum pilot control forces specified in Figure 3=11

of Part 3, In cases where the surface loads are limited on
the bagis of maximum pilot effort, the tabs should either he
considered to be deflected to thelr maximum iravel in the
direction which would assist the pilot or the deflection should
correspond to the maximum expected degree of M"out of trimw

at the speed for the condition under consideration. The tab
load, however, need not exceed the value specified in Table 2.

Surface Ioading Conditions,

7.30 Simpl:.fied 1imit surface loadings and distributions for

. the horizontal tail, vertical tail, sileron, wing flaps
and trim tabs are specified in Table 2 and Figures 5 and
6. Where more than one distribution is given, each
distribution should be investigated;

7e31 When certification in the Acrobatic categery is desired

the horizontal tail shall be investigated for an. - i
unsymmetrical load of 100%4 '3 on one side of the airplane
center line and 50" on the other side of the a:.rplane '
center l:.ne. : -,

Outboard Fins. See Section 3,.221 of Part 3.

Special Devices, See Section 3,225 of Part 3. 2\
Control System Loads ”

'Prmary 1='l gh‘o controls ‘2nd - Systems.

8,10 Flight control systems and support:.ng struct.ures should
~ be designed for loads corresponding to 125 percert of
. the computed hinge moments of the movable control surface
in the conditions prescribed in Section 740 subgect to

- the foﬁlom.ng maxima and minima;
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8.101 The system limit loads need not exceed those which
ecould be produced by the pilot and avtomatic devices
operating the conbrcls. '

84102 The loads should in any case be sufficient tc¢ provide
.a rugged system for service use, including consideration
of jamming, ground gusts, taxying tall to mmd control
dinertia, and friction,

8411 .Acceptable maximum and minimuom pilot loads for elevator, '
' -aileron, and rudder comtrols are as shown in Figure 3-11 -
of Part 3. These pilot loads shoum be asssumed to act
at the appropriate control grips or pads in a manner
simulating flisht conditions and to be reacted at the ‘
-atbachments of the control system to- the cor‘c.rol surface_‘
horn.

Dual 'controls. When dual cont.rcls are Umvided the systems S

should be designed for the pilots operating in opposxt:.on, e
nsing individuzl pilot loads equal to 75 percent of those

- obtained in accordance with Section 8.1 except that the -

. irdividual pilot loads should not be less than the ninimum'

loads shown in ﬁ.gure 3-]1, of Part 3e

Ground Gnst Conditi.ons. . See Section 3 ?33 of Part 3.

Secendary C:ontrols ang . Systems. See. Sec‘b: on. 3.231; of Part 3
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FIGURE 2
(V = n) Diagram (Flight Envelope)

Notes: - Gonditions "C" or nF" need be invegstigated only when n3 § or

nh%gf are greater than ny W W or Ny W, regpectively.

2. Condition "G" need not be investigated, when the supplementary
condition specm CAR 3.19h is investigated.

TABIE 1
LIMIT FLIGHT LOAD FACTORS
N )] K
nl 3.0 hoh 1. 6..0
n =0,
AR oy
naE!’ n3 Find ny from Fige 3
gé B, Find ) from Fig. b
Eg nf " 05
: 0 1 | oony
3| G5
S &3 nﬂap Zeroist

*3.5 for Spin-Proof Airplanes
¥ Vertlcal Wing load may Be fssumed Equal to Zero ard Only the
Flap Portion of the Wing Need Be Checked for this Condition,



TABIE 2

AVERAGE LIMIT CONTROL SURFACE LOADING

SURFACE |DIRECTION OF LOADING HAG!‘ITUﬁE OF LOADING CHORDWISE DISTRIBUTION
HOREﬁIO?‘TM‘ a) Up and Down Figure S Curve (2) ) E}“" IE . l‘.ﬁ Hinge
' : - r— (x) o -
1 b) Unsymetrical - 100% ® on one side i “.f_ i
loading (Up airplane ¢. 65% @ o _ ‘
and  Down) on other side of IR ¢ 1
airplane ¢ for N and (B) -~ N0k W
U categories, For A b \ _ Y
| | category see 7.3 . = -\ﬁ—'..r
VERTICAL | a) Right and Left Figure 5 Curve (1) Same as (A) sbove
TAIL - ,
I b) Right and Left Figure 5 Curve (1) Same as (B) above
| 3 | | o ' |« # Hinge
ATIERON a) Up and Down Figure 6 Curve (5). (C) w N
| WING FLAP . | a) Up Figure 6 Curve (L) (M) X_ ]
& b) D % % Up Lo () e '\]J’
own «25 x Up Load (& ‘ , W
TRIM TAB. | a) Up and Down Flgure 6 Curve (3) Same as (D) above -
v ' :

NOTE: The surface loadings I, 1I, ITI, emd-‘if aﬁavé. are based on speeds p min and Ve mife ~The .

loading of IV is based on Ve min, If values of aspeeds greater th
gelscted for design the appropriate surface 1oadings shs sl

) _ _

Vselected the mltiplying factor used shall be the

Vindnd 2
higher of [Vp sel.]a or [Vc a‘el.]

pmin.

Ve min,

these minimums. are |
plied by the ratio

By

Gl
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FACTOR AT SPEED V,

CHART FOR FINDING ng

|
/
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vQMinIs FOURD FROMFIGURE 1
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'FIGURE 4
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FIGURE 3
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Ve MIN _ |
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FIGURE 5 AVERAGE LIMIT CONTROL SURFACE LOADING
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